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ecology and environment, inc.

HAZARDOUS AND TOXIC MATERIALS TEAM
SITE SAFETY PLAN

A. GENERAL INFORMATION

SITE: Dead Creek Project_________________ Job No.: IL-3020

LOCATION: Sauqet and Cahokia, Illinois

PLAN PREPARED BY: Dan Sewall DATE: 2/6/86

APPROVED BY: (Initial Review of Draft)___________________ DATE: 2/7/86

OBJECTIVE(S): Monitoring Well Installation, Surface and Subsurface Soil Sampling,
Surface and Groundwater Sampling, Soil-Gas Survey._________________________

PROPOSED DATE OF INVESTIGATION: March - May 1986:________________________

BACKGROUND REVIEW: Complete: ___ Preliminary: X

DOCUMENTATION/SUMMARY: Overall Hazard: Serious: X Moderate:

Low: Unknown:

B. SITE/WASTE CHARACTERISTICS

WASTE TYPE(S):. Liquid X Solid ______ Sludge X Gas ___

Corrosive X Ignitable X Radioactive ___ Volatile __

Toxic X Reactive X Unknown X Other (Name) teratogenic; carcinogenic,
mutagenic

FACILITY DESCRIPTION: The study area consists of 1B sites ( 370 acres) including; manu-
facturing facilities, inactive landfills, surface impoundments, and Dead Creek.

Principal Disposal Method (type and location): Landfill (area filling), waste piles,
surface impoundments, open dumping.__________________________________________

Unusual Features (dike integrity, power lines, terrain, etc.): Power lines traverse
the entire area west of Rte 50. A flood control levee is located immediately east of
Site Q - see map._____________________________________________________

Status: (active, inactive, unknown) Inactive, other than manufacturing facilities.

History: ^ injuries; complaints; previous agency action): Illinois EPA has received
several complaints dating back to the early 1970's concerning dumping in Dead Creek. A
fence was constructed around the creek and Site M from Judith Ln. to Oueeny Ave. as a
result of a preliminary study done by IEPA in this area. The Illinois Pollution Con-
trol Board and the Attorney General's Office have been involved in actions concerning
Sites Q and R. __________________________
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C. HAZARD EVALUATION
(Use Supplemental Sheets if Necessary)

Summary (attach copy of available chemical information from Saxs, Merck Index, Ohm tads,
etc.): The following is a brief list of contaminants found at various sites in the study
area during past agency and contractor investigations. This list is by no means a com-
plete compilation of all contaminants found or suspected, and is provided simply as an
indication of the types of contaminants xhich may be encountered during field activities.

2,3,7,8-TCDO (Dioxin)______________________________________________
PCB's (Not specified)_____________________________________
o-Dichlorobenzene

___Dichlorophenol____________________________________________________________
Lead________________________________________________________

____Cadmium __________________________________________________________

___Arsenic__________
___Chlorotoluene____________________________________________________
___Phosphorus (not specified)__________________________________________
___Pentachlorophenol_________________________________________________
___Vinyl chloride _________________________________________________
___Phosgene_______________________________________________________
___Mercury______j_____,____________________________________________
___See attached hazard evaluation sheets for specific information.___________________

D. SITE SAFETY WORK PLAN

PERIMETER ESTABLISHMENT: Map/Sketch Attached? Yes Site Secured? A

Perimeter Identified? Yes Zone(s) of Contamination Identified? B

A. Secured sites include; Dead Creek (Queeny to Judith); Sites I. M, N, R.________
B. Zones preliminarily identified - investigation incomplete. Assume entire area to

to be contaminated._________________________________________________

PERSONAL PROTECTION:

Level of Protection: A B X C X D X

Modifications: MINIMUM protective clothing will include: neoprene boots (steel toe
and shank), hooded Tyvek or Saranac coveralls, neoprene gloves, disposable latex_____
booties, disposable latex gloves, hard hats. See attachment for task-specific levels
of protection._____^T">\______________________________________,____

Surveillance Equipment and Materials: All field activities will include monitoring
with an Hnu (10.2 lamp) or OVA, rad-mini, and cyanide meter or monitox, and an explosi-
iaeter/07 meter, GCA/MDA real time particulate meter._____________________
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PERSONAL PROTECTION (Cont.):

Action Levels:
OVA/Hnu - 0 ppm above background - Level D

1 - 5 ppm above background - Level C
_______6 - 500 ppm above background - Level B - Contact Regional Safety Coordi-
____________________________________nator (RSC) prior to upgrade.
_______>501 ppm above background - Level A____________________________
D7 Meter - O9.5S - Level B______________________________________
__________>25% - Leave area, contact RSC.____________________________
Explosimeter - <20% LEL - Continue operation.____________________________
____________20-30% LEL - Identify source, initiate vapor suppressions! measures
____________>50% LEL - Leave area _______________________________
Partlculate Monitor - >2 mg/rn^ - Initiate dust suppression measures____________
Monitox CN Monitor - >5 mg/m^ - Level A__________________________________

Rad-mini - Any readings - depart site and contact RSC._______________________

~~~ //84 Kevised OLD
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SPECIAL SITE CONSIDERATIONS: See attachment.

DECONTAMINATION PROCEDURES:

Personal: Disposable protective clothing will be bagged, labeled, and drummed.
Boot and glove wash with TSP and water. Formal hot line set up necessary.____

Equipment: TSP & water wash with rinse as necessary. Sampling equipment: TSP-water
wash followed by solvent rinse (acetone-hexane-acetone) PI water rinse. All drilling
equipment (augers, split spoons...) to be steam-cleaned.___________________

INVESTIGATION - DERIVED MATERIAL DISPOSAL: (Note - If material is proposed to be left on
site, written authorization is to be received by the Project Team Leader prior to the
initiation of on site activities): Drill cuttings, purge water will be containerized and
moved inside Dead Creek fence. Other disposables will be bagged, labeled, and container-
ized prior to moving inside Dead Creek fence.___________________

SITE ENTRY PROCEDURES: Decontamination station will be determined each day based on

weather conditions. Entry procedures will include ambient air monitoring with surveil-
1ance eoui pment.___________________________________________________

Team Member Responsibility

Mike McCarrin Team Leader
Dan Sewall

Drillers/subcontractor personnel

Safety Officer
TBA

TBA

*Additional members to be determined. Project log book include team members and
dates present for all field activities. All subcontractor personnel are to provide S5C
with written certification of medical approval, training status, and ability to wear
specified respiratory equipment.

7 34 Revised

c-:



SPECIAL SITE CONSIDERATIONS

All drilling locations will be cleared using a magnetometer prior to initiating drilling.
Local utilities will be contacted to define subsurface transmission lines. Maneuverability
is limited in Dead Creek area north of Judith Lane. Care should be taken to minimize
stressful conditions resulting from extreme temperatures. Heat stress symptoms will be moni-
tored and recorded in the SSC's log book. Work will be conducted during daylight hours
only. Air compressor to be located upwind of site at all times during filling operations.
Air quality for hydrocarbons, CO, moisture to be checked prior to use.
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E. EMERGENCY INFORMATION

(Use Supplemental Sheets if Necessary)

EMERGENCY PRECAUTIONS

Acute Exposure Symptoms First Aid

Chlorotoluene; Severe irritation of skin Wash irritated areas with water; get
and respiratory system____________ medical aid____________________

Pentachlorophenol: Dust and vapors____ Ingest ion; Immediately Induce vomiting
irritate skin and mucous membranes - Dermalt Wash affected areas with soap
severe coughing and sneezing________ and water______________________

PCB's: Rash and acne from dermal contact Ingest ion: Provide water, induce vomitting
2,3,7,8-TCDD; Acne, skin and eye irrita- Dermal; Soap and water wash__________
tion, respiratory distress______________

*5ee attached hazard evaluation sheets for additional information.________________

LOCAL RESOURCES
(Name, Address and Phone Number)

LOCAL AREA CODE: 618

Ambulance 332-6600 Sauget Fire Dept.___________________________________
Hospital Emergency Room 874-7076 Christian Welfare Hospital____________________

Poison Control Center 1-800-252-2022 St. John's Hospital - Springfield____________
Police (incl. Local, County Sheriff, State) 332-6500 (Sauqet), 1-277-3500 (County),

________________________________345-1212 (State)___________________

Fire Department 332-6600______________________________________________________
Airport 337-6060 Bi-State Parks Airport, Cahokia___________________________________

Explosives Unit 345-1212 - State Police____________________________________________

Agency Contact (EPA, State, Local, USCG, etc.) 217/782-6760 - Jeff Larsen - IEPA________

Local Laboratory 233-17BO - St. Clair Medical Laboratory______________________________
Federal Express 314/367-8278; 6181 Aviation Dr., St. Louis Airport____________________
Client Contact Jeff Larsen, IEPA - Springfield 217/782-6760_______________________

SITE RESOURCES

Water Supply 5 gallon collapsible containers will be used.__________________________
Telephone Falling Springs Rd. and Queeny Ave.; Rte. 3 and Monsanto Ave.____________
Radio To be determined._______________________
Other -- __________

7784 Revised OLD
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Emergency Contacts

1. Mr. Raymond Harbison (University of Arkansas) ............ (501) 661-5766 or 661-5767
(501) 370-8263 (24 hour)

2. Paul D. Mess, Regional Safety Coordinator/Chicago ........ (312) 663-9415 (office)
(312) 541-6635 (home)

3. Ecology and Environment, Inc., Corporate Safety Director/
D. Dahlstrom ............................................. (716) 632-4491 (office)

(716) 741-2384 (home)

Hedtox Hotline

1. Twenty-four hour answering service - (501) 370-8263

What to Report:

• State: "This is an emergency."

• Your name, region, and site.

• Telephone number to reach you.

• Your location.
• Name of person injured or exposed.

• Nature of emergency.

• Action taken.

2. One of three lexicologists (Drs. Raymond Harbison, Glenn Milner, or Robert James)
will contact you. Repeat the information given to the answering service.

t
3. If a toxicologist does not return your call within 15 minutes, call the following

persons in order until contact is made:

E 4 E Corporate Headquarters (EST 0830-1700) - (716) 632-4491

a. Twenty-four hour line - (716) 631-9530
b. Corporate Safety Director - David Dahlstrwn (home - (716) 741-2384)
c. Assistant Corporate Safety Officer - Steve Sherman (home - (716) 688-0084)

Emergency Routes

Directions to Hospital (incl. MAP) Monsanto Ave. east to Monsanto Rd. (19th St. in E.
St. Louis) north on 19th St. to Converse Ave. West on Converse Ave. to 15th St. North on
15th St. to King Drive. East on King Dr. to Christian Welfare Hospital. Routes to be
driven by designated site personnel prior to initiating on-site operations.___________

Other To BI State Parks Airport; State Route 50 south to Judith Lane. East on Judith
Lane to Cahokia Rd. South on Cahokia Rd. to Julian Ave. East on Julian Ave. to Airport Rd.

7/84 Revised OLD
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F. EQUIPMENT CHECKLIST

PROTECTIVE GEAR

LEVEL A

SCBA

SPARE AIR TANKS

ENCAPSULATED SUIT

SURGICAL GLOVES

NEOPRENZ SAFETY BOOTS

BOOTIES

GLOVES (TYPE___

OUTER WORK GLOVES

HARD HAT

CASCADE SYSTEM

LEVEL C

ULTRA-TWIN RESPIRATOR

RACAL POWER AIR PURIFYING
RESPIRATOR

RACAL CARTRIDGES (TYPE
GHC-H AEP-3)

ROBERTSHAW ESCAPE MASK
CHEMICAL RESISTANT COVERALLS
PROTECTIVE COVERALL

(TYPE 5ARANAC (HOODED)___)
RAIN SUIT
BUTYL APRON
SURGICAL GLOVES (LATEX)
GLOVES (TYPE VITON - NEOPRENE)
OUTER WORK GLOVES
NEOPRENE: SAFETY BOOTS
HARD HAT WITH FACE SHIELD
LATEX DISPOSABLE BOOTIES

LEVEL 3

SCBA

SPARE AIR TANKS

CHEMICAL RESISTANT COVERALLS

PROTECTIVE COVERALL
(TYPE SARANAC (HOODED)

RAIN SUIT

BUTYL APRON

SURGICAL GLOVES

GLOVES (TYPE VITON

OUTER WORK GLOVES

NEOPRENE SAFETY BOOTS

BOOTIES

HARD HAT WITH FACE SHIELD

CASCADE SYSTEM

MANIFOLD SYSTEM

AIR COMPRESSOR

LEVEL D

ULTRA-TWIN RESPIRATOR (AVAILABLE)

CARTRIDGES (TYPE GMC-H_______)

ROBERTSHAW ESCAPE MASK (AVAILABLE)

CHEMICAL RESISTANT COVERALLS

PROTECTIVE COVERALL
(TYPE TYVEK, SARANAC________)

RAIN SUIT

NEOPRENE SAFETY BOOTS

BOOTIES (LATEX)

WORK GLOVES

HARD HAT WITH FACE SHIELD

SAFETY GLASSES

// 8ft Revised OLD
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INSTRUMENTATION

OVA

THERMAL DESORBER

02/EXPLOSIMETER

EXPLOSIMETER CALIBRATION KIT

HNU W/10-2 EV LAMP

VICTOREEN 471

MAGNETOMETER

PIPE LOCATOR

WEATHER STATION

DRAEGER PUMP

BRUNTON COMPASS

HNU CALIBRATION KIT

MONITOX CN METER

GCA/MDA PARTICULATE MONITOR

FIRST AID EQUIPMENT

FIRST AID KIT

OXYGEN ADMINISTRATOR

STRECHER

PORTABLE EYE WASH

BLOOD PRESSURE MONITOR

RADIATION BADGES

FIRE EXTINGUISHER

THERMOMETERS (OVAL)

DECON EQUIPMENT (CONT.)

PLASTIC SHEETING

TARPS

TRASH BAGS

TRASH CANS

MASKING TAPE

DUCT TAPE

PAPER TOWELS

FACE MASK

FACE MASK SANITIZER

FOLDING CHAIRS

STEP LADDERS

SAMPLING EQUIPMENT

To be determined

X

X

X

X

X

DECON EQUIPMENT

WASH TUBS

BUCKETS

SCRUB BRUSHES

PRESSURIZED SPRAYER

DETERGENT (TYPE TSP

SOLVENT (TYPE HEXANE

X

X

X

X

) X

) x
ACETONE x
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ecology and env i ronment , inc.

HAZAflO EVALUATION OF CHEMICALS

Qwueol NOBO 2,3,7,8 tetrachlorodibenzo- Ctot* 10/8/85
DOT NMO/U.N. No. None_____________ j^ ^. IL-3020
CAS Mafcor 1746-01-6 ___________

•.efoceneeo Canoultid (circle)*
Pocket Guide (yerecfHiefoO ft»rcte IndeT) HozordliM Chris (Vol. II)

Teiie end Hozardoue Safety Manual ACCIH Other t RTECS __________________

Chaaieel Proportiaet (Synonyeoi Pioxm, TCDD
OMical roreula C12H4°2C14 Hol*culw Moioht 322 afw
fttymicmi StaU Crystalline Solubility (HjO) 0.2 Soilinq Point Decomposes at >1292°F

Paint N/A vopor PrM«iira/0«wity 1.7 x IP"6 fnozing Point N/A_____
Specific Cce»ity 1.075 a 25°C Odor/Otter ThrooDoid —— 1 770'F Flooeoblo Li»^ta N/A
Ineeopetekilitieo ""k"°»" _________

Bioloqicel Praeertitei
TW-T¥A Not established pjj. Not eat abli shed Odor Cheroetotietic — — _____
Out 22,500 ng/kg K^ - ~ AniMtic —— Rot/Mouee Oral LD50 = 22 ug/kg
Mouto of Expoeuco Dermal, inhalation, Ingest ion
Cereinoooft Suspected _____ Torotoaen Animal (RTECS) ftiteoen Positive (RTECS)
EPA/CDC level in soil is 1 ppb
Handling Biea»indationot (Nnomi protective anource)

Supplied air suggested, coated, chemically resistant coveralls,
butyl or neoprene boots and gloves. Avoid all contact with skin. ______________

Monitoring
Monitor for dust in the air.

Remove from environment and store safely until an approved disposal
site can be located (store in sealed, non-reusable containers). ___________

HteitK Hazorde and First *id» Eyes; Wash immediately with copious amounts of water.
Skin; Wash with soap or mild detergent and water. Inhalation; Remove to fresh air
(AR if necessary), ingestion; Give water, then induce vomitting.______________

i Acutai Chloracne, skin and eye irritation, fatigue, respiratory distress,
mental depression.___ __

Chronie: Chloracne, hepatic neurosis, hemmorrhage, emphysema, l i ve r ,
thyroid, skin, and kidney carcinogens. CNS depression.

573103
C12/83.3LCO
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VAN EQUIPMENT

TOOL KIT

HYDRAULIC JACK

LUG WRENCH

TOW CHAIN

VAN CHECK OUT

GAS

OIL

ANTIFREE7E

BATTERY

WINDSHIELD WASH

TIRE PRESSURE

MISCELLANEOUS

PITCHER PUMP

SURVEYOR'S TAPE

100 FIBERGLASS TAPE

300 NYLON ROPE

NYLON STRING

SURVEYING FLAGS

FILM

WHEEL BARROW

BUNG WRENCH

SOIL AUGER

PICK

SHOVEL

CATALYTIC HEATER

PROPANE GAS

BANNER TAPE

SURVEYING METER STICK

CHAINING PINS 4 RING

TABLES

WEATHER RADIO

MISCELLANEOUS (CONT.)

BINOCULARS

MEGAPHONE

7/84 Revisea OLD
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HAZARDOUS 4 TOXIC MATERIALS TEW
SITE SAFETY REVIEW

GENERAL INFORMATION

DATE TIME JOB NO:

SITE:

LXATION:

ONSITE CLIENT CONTACT:

OBJECTIVES:

TYPES OF CHEMICALS ANTICIPATED:

MEETING CONDUCTED BY: ______

TOPICS DISCUSSED

PHYSICAL HAZARDS:

CHEMICAL HAZARDS:

PERSONAL PROTECTION:

DECONTAMINATION:

SPECIAL SITE CONSIDERATIONS:

CHECK LIST

1. Emergency information reviewed? and made familiar to all team members?

2. Route to nearest hospital driven and its location known to all team?

3. Site safety plan readily available and its location known to all team members?

7/84 Revised DID
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DEAD CREEK PROJECT AREA SITE LOCATION MAP
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ecology and env i ronment , inc.

HAZARD EVALUATION OF CHEMICALS

Chaaicai Now
DOT NM/U.N. No.
CAS Nb_Mr

Oat*
Jab No.

Haf«r«t>e»a Canmilttd (eirela)»
NIOSH/OSHA Pockat Quid* Vtencnuaran Htrek Imtox
r«lc and HazardMM S«r«ty NmMl ACCIH Otter >

HuartUiM Chri« (Vol. II)

Q)»Ma-»CttX FOCMft*«l

Phyaieal State
ttaah Point
Specific Gravity

Mdiacuiar Haioht
SolublUt* (JtJ) , floilim Point

Vaoar Praaaura/Oanaity Fraazina Point
Odor/Odor Thraaneid Flaaaabla Lî ta

Incaapatabiiitiaa

Biological Procxftl««»
TUV-TKA __
IDUt _________
tout* o/ Cxpoaur* _
Cwdiwqcn _____

PO.
HUMH

Odor OtanetcrUtie
Aquatic

T«raCoq*n Mut»~»n

Handling ffteo-nnd«tlon«i (?»rsan«l protKtiv* MMUTM)

Monitoring H«ean»«nj»tion«»

H»«ith and Tirat

Aeutat

Chronic:
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ecology and environment, inc.

ON-SITE SAFETY LOG

On-Site Reading
Background Reading in Breathing
in Breathing Zone Calibrated At Zone

A. On-Site Monitoring

1. HNU/OVA and calibration gas

2. Rad-mim

3. Monitox

4. 02/Explosimeter and calibration gas

5. Dust monitor

B. Protective Clothing Worn: ______

C. Site Name: Dead Creek Project___ Project Number:

Date:

Weather Conditions:

Name of Attendees at Site:

D. Comments on Monitoring or Protective Clothing:

Name Signature

Team Leader: M. McCarnn

Site Safety Officer: D. Sewall
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HISTORY

The study area for the Dead Creek Project (DCP) consists of 18
sites in the towns of Sauget and Cahokia in St. Clair County, Illinois
(see attached map). The Illinois ERA became aware of the problems in
this area in 1980 when periodic smoldering of materials in a ditch
(Dead Creek) was observed. Following an initial inspection, the
agency received information that a local resident's dog had come in
contact with wastes in the ditch and died of apparent chemical burns.

Historically, during World War II, the study area was heavily
developed by industry to support the war effort. Due to this develop-
ment and the geologic conditions in the area, open pit mining occurred
in many areas to supply sand and gravel resources. Following the war,
excess product was landfilled and covered in the numerous excavations.
Wastes reported to have been buried in these excavations include phos-
gene gas and munitions in addition to organic and inorganic industrial
wastes. The excavated areas were identified by the Illinois EPA from
a series of past aerial photographs, and by a thermal infrared survey
of the area.

The filling of past excavations was followed by utilization of
Dead Creek as receiving water for effluent and surface drainage of
various industries. The Illinois EPA performed a preliminary study of
the area in 1980, finding excessive levels of organic and inorganic
contaminants in and around the creek. Contaminants detected included:
PCBs, aliphatic hydrocarbons, dichlorobenzene, lead, cadmium, and
arsenic. During the Illinois EPA study, drillers were overcome by
organic vapors while installing a monitoring well east of the creek
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and adjacent to a former seepage lagoon. Sampling of this well and
the lagoon indicated high levels of the aforementioned contaminants.

Following World War II, chemical companies in the area returned
to normal processes, including the manufacturing of defoliants, pesti-
cides, and herbicides. From the mid-1950s to the early 1970s, the
byproducts and wastes from these manufacturing processes were land-
filled in the Site R and possibly Site Q areas (see map). Drilling
and sampling by E & E in 1983 at Site Q indicated the presence of 63
of the 117 priority pollutants designated by the USEPA, including
quantifiable levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
Dioxin was also detected in soil samples at Site 0. Site P is an
Illinois EPA-permitted landfill known to have accepted hazardous waste
residues in violation of their permit.
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DEAD CREEK

Site G (Inactive Site). Drums and pits observed on the surface.
Appear to contain oily wastes (drums - unknown black cinder-like
solid).

Contaminants detected in groundwater: PCB (1.0 ppb), chloro-
phenol (1,200 ppb), chlorobenzene (19 ppb), dichlorobenzene (25 ppb),
dichlorophenol (890 ppb), phosphorus (9.4 ppm), and lead (.31 ppm);
surface soils: arsenic (16 ppm), lead (2,000 ppm), and PCB (350
ppm).

Death profile from creek shows PCB ranging from 9,200 ppm at the
surface to 54 ppm at 6 feet.

November 1985 - no readings above background with site entry
equipment. Physical hazards - three or four pits with exposed drums,
numerous areas mounded with buried drums, poison ivy.

Site H (Inactive Site). Former sand and gravel pit which was
filled with construction debris and unknown wastes. Presently covered
and well vegetated. Physical hazards - trip and fall. One downgrad-
ient well - PCB - 1.0 ppb. No surface soil sampling done. No pits,
ponds, etc. on-site.

Site T (Active Plant Site). Cerro copper property. Holding
lagoon on site was formerly head water per Dead Creek. Culvert under
New Queeny Avenue was blocked sometime after 1950. G112 only ground-
water monitoring point for the site - analysis indicates chloroben-
zene and dichlorobenzene, along with metals. Soil samples from areas
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adjacent to the holding pond indicate PCB (0.3 ppm) and aliphatic
hydrocarbons (26 ppm) along with dichlorobenzene (1.7 ppm). Also
arsenic (95.8 ppm). Surface water samples from holding pond show:
nickel (4.2 ppm), arsenic (0.58 ppm), zinc (30 ppm), PCB (28 ppm),
aliphatic hydrocarbons (23,000 ppm).

Plant site: Level D with hardhat, safety glasses, necessary -
presently no water in former holding pond. Sand and gravel pit iden-
tified from historical aerial photos now filled and covered (parking
area for trailers).

Site J (Active Plant Site). Sterling Steel Castings. No pre-
vious study done. Aerial photos indicate possible disposal. From
visual observation and conversation with plant operator, material dis-
posed of consists of casting sand and slag. (Needs groundwater moni-
toring). Two pits exist on site approximately 30' deep. Two to three
drums are evident along the sides. Site also has an inactive inciner-
ator. Possible contaminants include epoxy resins, heavy metals.

Site K (Residential Commercial). No information exists for this
site. Historical aerial photos indicate possible dumping. Presently,
trailer homes and a small trucking company occupy the property.

Site L (Active Equipment Repair Site). Historical photos indi-
cate a small surface impoundment once existed on the site (Wagganer
Trucking). Wagganer was an industrial waste hauler - trucks cleaned
on site discharge first into creek, then into impoundment. Wagganer
specialized in hauling hazardous materials. Downgradient groundwater
analysis: chlorophenol (19 ppb), and cyclohexane (120 ppb). Soils:
PCB (5,200 ppm), trichlorobenzne (78 ppm), and hydrocarbons: (21,000
ppm). Presently, site is covered with cinders with no evidence of
where the pit was situated.

Site M (Inactive Pit). Hall Const. Pit - site consists of an
open pit used for dumping of unknown wastes. Surface soils: PCB,
arsenic, and mercury. Surface water: PCB, phosphorus (low levels).
Presently, pit is inside fence which surrounds Dead Creek between New
Queeeny Avenue and Judith Lane. Steep sloping sides, water present
in pit.
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Site N (Inactive Construction Site). No historical information
is available for this site. Historical photos indicate possible dis-
posal. Presently site is occupied by an inactive construction com-
pany. No previous studies performed.

Site 0 (Active STP). American Bottany wastewater treatment
plant. Historically, three lagoons were used for sludge dewatering.
Lagoon area is now covered and vegetated. Preliminary sampling indi-
cates PCB, miscellaneous hydrocarbons. No field work proposed for
initial phase of study.

Site P (Inactive Permitted Landfill). An IEPA permitted landfill
known to have accepted hazardous residues in violation of their per-
mit. Types and quantities of wastes recorded are unknown. No sam-
pling has been done at the site. Presently municipal and construction
debris (asbestos) are evident along with cinders, no drums evident.
Site is still permitted, though no longer active.

Site Q (Inactive Landfill - Active Transport Facility). Consists
of a former unpermitted landfill suspected of receiving hazardous
wastes. Located adjacent to the Sauget Toxic Dump. E & E sampling
(soil borings) indicated the presence of 63 priority pollutants,
including 2378-TCAA. No groundwater monitoring has been done at the
site - power lines traverse the entire area. Area covered entirely by
black cinders. Some refuse (appliances, debris, etc.) randomly dumped
in rear portion of property.

Site R (Inactive Landfill). Sauget Toxic Dump - Former chemical
dump owned and operated by Monsanto. Contaminants detected in
leachate include solvents and 2,3,7,8-TCAA (Tot sampling - 1981).
Presently, site is well covered and vegetated. Monsanto tank farm for
feedstocks located in the northern portion of the site. No drilling
expected. Hard hat and safety glasses required by Monsanto.

C-30



Section No. ^
Revision No. 1
Date: May 1986
Page: 12 of 14

5.8 SAMPLE CONTAINERS
The volumes and containers required for the sampling activit ies

are included in Tables 5-1 and 5-2. Pre-washed sample containers will
be provided by E & E's ASC and prepared in accordance with USEPA bot-
tle washing procedures. These procedures are incorporated in E & E's
Laboratory and Field Personnel Chain-of-Custody Documentation and
Quality Assurance/Quality Control Procedures Manual, April 1986.
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Table 5-1

SAMPLE CONTAINERS, VOLUMES, PRESERVATION,
AND HOLDING TIMES FOR WATER SAMPLES

01

I—*
CO

Type of
Analysis

Purgeable
(Volatile)
Organ ics

Extract able
Organ ics, PCBs,
Pesticides

Type and Size
of Container

40-ml glass vial
with Teflon-backed
septum

1/2-gallon bottles
with Teflon-lined
caps

Number of Containers
and Sample Volume

(per Sample)

Two (2); fill com-
pletely, no air space

Two (2); total volume
approx. 1 gallon;
fill completely

Preservation

Cool to 48C
( ice in cooler)

Cool to 4"C
( ice in cooler)

Maximum Holding
Time

7 days

Must be extracted
within 5 days;
analyzed within

Metals

Cyanides

1-liter polyethy-
lene bottle with
pol yethylene-lined
caps

1-liter polyethy-
lene bottle with
polyethylene-lined
caps

One (1) ; f i l l 7/8 full

One (1) i f i l l com-
pletely

Nit r ic acid to
below pH 2
(approx. 1.5 ml
Con HNOj
per l i t e r )

Sodium hydroxide
to pH 12 and
cool to 4"C
(ice in cooler)

30 days

6 months

2A hours, if
sulfide present;
14 days

Note: All sunple bottles w i l l be prepared in accordance with USEPA bottle washing procedures. These pro-
cedures are incorporated in E & E's Laboratory and Field Personnel Chain-of-Custody Documentation and
Q u a l i t y Assurance/Quality Control Procedures Manual, April 1986. t> O 3) ina 0) rt ItJ3 rr < n

(0 <» >- • rr
.. .. (A M-
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Table 5-2

SAMPLE CONTAINERS, VOLUMES, PRESERVATION,
AND HOLDING TIMES FOR SOIL SAMPLES

en
i

Type of
Analysis

Purgeable
(Volatile)
Organics

Extract able
Organics, PCBs,
Pest icides

Type and Size
of Container

40-ml glass vial
with Teflon-backed
septum

8-oz. glass jar
with Teflon-lined
cap

Number of Containers
and Sample Volume

(per Sample)

Two (2) ; fill com-
pletely, no air space

One (1); fill com-
pletely

Preservation

Cool to 4"C
( ice in cooler)

Cool to 4°C
( ice in cooler)

Maximum Holding
Time

10 days

Must be extracted
within 10 days;
analyzed within
30 days

Metals

Cyanides

2,3,7,8 TCDD

8-oz. glass jar
with Teflon-lined
cap

8-oz. glass jar
with Teflon-lined
cap

8-oz. glass jar
wi th Teflon-lined
cap

One (1); f i l l half-
fu l l

One (1) ; f i l l com-
pletely

One (1); f i l l com-
pletely

Cool to 4°C (ice
in cooler)

Cool to 4°C (ice
in cooler)

Cool to 4"C (ice
in cooler)

6 months

24 hours, if
sulfide present;

Must be extracted
within 5 days;
analyzed within
30 days

Note: All sample bot t les w i l l be prepared in accordance with USEPA bottle washing procedures. These pro-
cedures are incorporated in E & E's Laboratory and Field Personnel Chain-of-Custody Documentation and
Qua l i ty Assurance/Quality Control Procedures Manual, April 1986.

TJ C3 30 tnm 0> n (ftJS rt- < o(» n H- ft-
" "2.S-



Section No. 6
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6. SAMPLE CUSTODY

6.1 STANDARD OPERATING PROCEDURES
This section describes standard operating procedures for sample

identification and chain-of-custody. The purpose of these procedures
is to ensure that the quality of the samples is maintained during
their collection, transportation, and storage through analysis. All
chain-of-custody requirements comply with standard operating proce-
dures indicated in USEPA sample handling protocol. All sample control
and chain-of-custody procedures applicable to the E & E ASC are pre-
sented in E & E's Laboratory and Field Personnel Chain-of-Custody
Documentation and Quality Assurance/Quality Control Procedures Manual,
April 1986.

Sample identification documents must be carefully prepared so
that sample identification and chain-of-custody can be maintained
and sample disposit ion controlled. Sample identification documents
include:

0 Field notebooks;
• Sample label;
• Custody seals; and
• Chain-of-custody records.

6.1.1 Chain-of-Custody
The primary objective of the chain-of-custody procedures is to

provide an accurate written record that can be used to trace the

6-1
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9 Photographer (signature),

• Weather conditions,

t Description of photograph taken,

• Reasons why photograph was taken,

t Sequential number of the photograph and the film roll number,
and

• Camera lens system used.

After the photographs have been developed, the information
recorded in the field notebook should be transferred to the back of
the photographs.

6.1.3 Sample Handling, Packaging, and Shipping
The transportation and handling of samples must be accomplished

in a manner that not only protects the integrity of the sample but
also prevents any detrimental effects due to the possible hazardous
nature of samples. Regulations for packaging, marking, labeling, and
shipping hazardous materials are promulgated by the United States
Department of Transportation (DOT) in the Code of Federal Regulat ions,
49 CFR 171 through 177.

All chain-of-custody requirements must comply with standard oper-
ating procedures in the USEPA sample handling protocol. All sample
control and chain-of-custody procedures applicable to the E & E Ana-
lytical Services Center (ASC) are presented in E & E's Laboratory and
Field Personnel Chain-of-Custody Documentation and Quali ty Assurance/
Quality Control Procedures Manual, April 1986.

Sample Packaging
Samples must be packaged carefully to avoid breakage or contami-

nation and must be shipped to the laboratory at proper temperatures.
The fol lowing sample packaging requirements will be fol lowed:

6-7
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Chain-of-Custody Documentation and Quality Assurance/Quality Control
Procedures Manual, April 1986.
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ari- Selective oL H.T 7 ^-109-215
! E. J O - T A I 6 . COL 1 ' - "

i 39 163
. D * T e COL Ljt rOMK/ Z w D

6/16/791 16AIA09 05007A
_M_ -r j
, 1 0 "

l i . f c E L A T E r S P L I tS. =C

INV79-1D9-216 i 2
«. CCLLIJCJ1S. S P L I N G D I S 7 . l it. C O L L ' S n i S T ; ; . .

201 "CLi Oil
7 = R O D U C T N A M E AN D I D E N T I F I C A T I O N t(juo,f uerlinen: labeling Including f i r m name and address

Fresh carp fish fro» area of Mississippi River bordering & just South of MBnsanto Co,'
hazardous waste disposal site in Sauget, IL, This site was in use for approx. 20 years
& rests on a sandy soil near the bank of the Mississippi River. Qround water flows to
and froa the river depending upon stage of river. TM« site has one of the highest
potentials for PCB & fHoirfn (2,3,7,8 TCDD isoaer) contamination of the river of any
site thus far known. It nay be one of the largest hazardous waste disposal ±£ sites in
the U.S. Over $0,000 cubic yards of hazardous waste materials went into this site in
•on years (1966 & 1972). PCB's at nearly 31 above 5 PJ» were detected in fish collect*
crypT* V* nll*g ^O^lth O5 ^*j * TJLtlti

IS. REASON FOR COLLECTIONflndicate anelrsi* needed
Include CP No. and/or Ammlgnment Na. it applicable.)

0$007A Pesticides t Mstalsia check for
Kone

to. M A N U F A C T U R E R (Nfm»*ddroat A. ZIP)

N/A

21. S H I P P E R fName^ddress & ZIP)

N/A

22. DEALER (Name^ddresfrZIPtttelephon»)

N/A- send copy of analytica
results to Illinois Dept. o
Conservation, Division of
Fisheries, Springfield, IL.

23. SIZE OF LOT FROM WHICH SAMPLED

Mississippi River Fish population
2«. EST V A L U E

None
J

2«-D*TE SHIPPED » DOC REF

FD472I FD *B«I NONE,

I

27. DESCRIPTION OF SAMPLE ANC METHOD O^ COLLECTION (Number ana size 01 umrx, ere.

5 carp fish taken by electric shocking fron area of Hiasissippi River bordering
South of Monsanto Co. 's hazardous waste disposal site in Sauget, IL.

2fc. HOW PREPARE! Heads It entrails removed it fish individually wrapped in aluainua foil.
Wrapped fish placed in plastic bag, bag ident., L officially sealed. Sealed sanple pi.,
Zi. COLL I DEN "^TK »KC AND fOf> LA&EL J 3 C ; . COLL E C TO R'S IDENTIFICATION ON 5 E A L

I. SAMPLE DELIVERED TC

Greyhound Bus Lines

31. DATE DELIVERED

8/PQ/7Q
34. LAB W/SPLIT SAMPLE I 35. ORIC C/R k RECORDS TC

I a. INVOICE NC. AND D A T E | b. S H I P P I N G R E C O R D fB/!-.?/B.Unveil!, Alliaavn, etc.) NO. AND D A T E

< |c. OTHEt . D O C U M E N T S (Atlizmvttt Itom aeiltrs, etc.) S I G N E R ' S N A M E ANC D A T E

Photocopies of jfonsanto Co. letters dated August 16, 1965 & Boveaber 27, 1972 which
crmanH nf* Sn + Vio-^ T- ri

37. R E M A R K S fit additional spec* is needed, attach Form FD 464&, C/R Continuation Sheet

*17- Cerro Copper Products; AJUX Zinc Co.; Midwest Rubber Rec.
Cooper Co. (a nfr. of petroleum additives)

Riisiss4.ppi River are:x Reclaimng Co., and

36. CONSUMER COMPLAINT NO.i 31. AMT. S

C R E 3 . C- .

40. 704ld) SP_ | 4t. C O L L E C T O R Typeo name and tifnature
I

I VES NO

T.onnetiii Ci DUILJIFORM FD 464 (10/77- COLLECTJOS REPORT

COLLECTING DISTRICT MONITOR £



. vc/ i - : • r . --
Select! ve f>urve i 1"; A r. - e i 9-109-216

* - ~ . '• £. JD-TAI6. COUN

i 39 163 i 8/16/79'
12. REL A TEC S = L 113. PC 114. CCLLNOJ1S . SP LING OIST. Ill r O '_L 'S D!E

1ST?9-105-21$I 2 i 20h i CM ! Cfai
:17. P R O D U C T NAME AND IDENTIFI CATION (fjuolr oerrmen! lebehnf including tmr. nawf ana aaarrft,

Fresh carp sucker fish fron area of Mississippi F.iTer borderinc and just Set* South of
Monsanto a»«}*« Co.'s hazardous waste disposal site in Sauget,H». See C/R corering
background on sampling area (INV79-1D9-21!?).

I-DOC, mvision of Fiaheriee fonployeca, Charlie Harbut, Richard Ro«pasky, and
Cochran proTided equipaent and assistance necessary to collect Baig>l».

IB. R E A S O N FOR C O L L E C T l O N f l n d i c a t t analraim needed * documenr aaaifnment.
Include CP No, and/fir Ammttrment No. it applicable.)

05007A Pesticidea L Metal* in Fiah Prograa; check for
chemical contaninanta. See IHV79-1D9-215 for background.

19 MFCCODES I L*bele ,pk&,shipping contamrrs

Bone

zo. MANUFACTURER CNmofaddress & ZIP)

H/i

21. SHIPPER (Name^ddresa & 22.DEALEK

- send copy of analytica
results to Illinois Dept~ o
Conserrationy DiTision of
Fisheries, Springfield, IL.

23. SIZE OF LOT FROM WHICH SAMPLED

.Hississippi River fish population
24. EST VALUE

Kone
HECEI* T ISSUEQ

Zt .DATE SHIPPED * DOC REF

i
FD47Z| FD4B4' NONE j

B/A
27. DESCRIPTION OF SAMPLE AND METHOD OF COLLECTION Cfttunoer and «I»e ot unit!, etc.

6 carp sucker fish taken by electric Bhocking from area discribed in block /!?•

28. HOW "REPAREC„_ , ... ,—.— ^ entrails removed & each fish indiTidually wrapped in aluBdjnni foil,wrapped fish placed in plastic bag, bag ident., and officially sealed. Sealad tmnip1«»»
pi. in cdbd etn vith drr ice for shlpamnt tiff

26. COLL IDENT ON »KC AND /OR LABEL 30. COLLECTOR'S IDENTIFICATION ON SEAL

•INV79-1P9-216 6A6/79 C03* 'THV79-1D9-216
M. SAM»LE DELIVERED TO

Greyhound Bos
St. Louis, Me.

3i. DA TE DELI VEREC

<r\/TQ
34.

ft /on,
3». ORIC C/R > RECORDS TO

C
B) L^
LZ

| a. INVOICE NC. AND D A T E b, S M I B » I N C R E C O R D (BfL.FfB.Viavbill, Aliiatvit, .tc.l NC. AND D A T E

V/t_________________________________________
< I «. O T «ER DOCUMENTS (Allldarnt trow acaJrn. «fe.i SIGNER'S NAME AND DATE

see copies of Monsanto Co. letters swbaitted with IKV79-1D9-215. Attached photocopy

38. CONSUMER COMPLAINT NO. 39. AMT. s

CRE-. CS.

N/C 40. 704(dJ SPL

Y ES NO

41. C O L L E C T O R 'Typed name end aifnaturt

FORM FD 464 (10/77 COLLECTIOS REPORT

COLLECTING DISTRICT MONITOR 5



E0 -178-326
8/5/6C 16AIA09

rINV80-176-327 2 Chi
I 3.

1 RC n r - v tME *"J r N " r ' r i - i " r ' ^ K fC/uo!* r>e r f men? is or < rnp me iudinf ; inr. name mnc fc 3 dress /

?resh Carp fish taken from area of Mississippi River bore-j-ing and innediately South o
Honsanto Co. (s inactive hazardous waste disposal site located in Sauget, IL.

Additional background on fotg sampling area was provided witii INV79-1Q9-215 and IKVCO-
178-237.

16. R E A S O N POP- COLLECTlONf ind j ca t e «n«Jv*js needed 4 docur-ienr a*«i£nment.
_, include CP /Vo. and/or Assltfnmenr /Vo. if applicable.!
0£007A Pesticides and Hetals in fish Pr; TVR: check for

al

IB MFC CODES (l*abelm,p)(8,mhippintcontme

Hone

120. M A N U F»c T U R E R (TVame^ddress 4 Z/PJ 21. S H I P P E R C/Vanie^iddreEs ik ZIP) 22. DEALER

23. S I Z E O- LCT ^ROM WHICH SaMPLET

Rirer Fish txx>ulati0n
i * . EET V A L U E

CEII» T ISSUED

F D A 7 ? i FD 4B4. N O N E

_________1 X

26.DATE SHIPPED k DOC RC

i1:-'- C c S * M O I _ E »KT ME TMO Z. C r C O L L E C T I O N fAumoer ana size oi unrr*, ere.

6 carp fish ranging in vt. frov eat. 1 lh., to 6 Ibs., taken by electrical shocking oi
the above described area of the Mississippi River.

fc entrails renoved & fish individually vranped in PCB freefoil. Wrapped fish pi in plio-bags, plio-bags ident L officially sealed. Sealed

•IKV80-176-326 8/5/80 Kenneth 0. Buercklin*
51. SAMPLE DELIVEREC TC

Greyhound Bus lines
&• Sv* i-^ft"*fj IL.

31. D A T E DELIVERED

fi/11/flQ
3«. LAB W / S P L I T SAMPLE

Min-DO
35. ORIC C/R & RECORDS TQ

*
| a . IN V O I C E NO. ANr C t ~E

• t
1 V/j__________________

t. SH|O»INS R E C O R D fB/L..F/B,Haybill, Atliamvil, ate.; NO. ANC D A T E

H/l ________ ____
ic . c ^ i - e ^ D C c JMEK TS (X itiamvite irom aemltri, ere,) S I G N E R ' S N A M E ANO D A T E

: i K/A
37. R E M A R K £ ,-;/ addftionaJ ipacr ;• needed, attach ^orir. FD 464a, C/R Continualion Sheer;

fonsanto Co.. would be the primary suspect ofie cheadcal contasdjianta found in thea
fish.

31. CONSUMER COMPLAINT NO.

R/C
C R E C . CD.

40. 7041(9 SP:

VES NO

41. C O L L E C T O R (Typed name and tifnatur*)

FORM FD 464 (10/77' COLLECTION REPORT

COLLECTING DISTRICT MONITOR 5



60 -178-327
8/5/80 : NO. ! b. PRO-'____<l. H J _i p.

*
-

INV8G-17&-326
•

20U
SPL ING DIST
CM

_
Chi

- = »OD'_'CT N AME AN c IOENTI FI c i ~ ON '<>uoip Dffrlrnrm Jabeling rncludinf linr. name and address;
Fresh buffalo and caro gar»-V»»T» fish taken from area of Mississippi River bordering
and iMBediately Sooth of Hansanto Co. 'a baxardoua waste disposal site (inactive)
located in Sauget. IL.
Other industries which nay influence the condition of these fish besides Monsanto Co.*

the Saaget, Illinois Sewage Treatment plant, Cerro Copper Product*,
Co., Midwest Rubber Piî i*i»iT̂  Co., & Edain Cooper CO*

The inactiTe hazardous waste disposal site rests on sand on the bonk of the Hirer. It
is the largest knout site of its type in the area. The Monsanto plant which used the «

J8. REASON FOR COLLECTIONrindicate analysis needed & document mmsigrmnent.
Include CP /Vo. ana/or Atfigrmfnl No. ii applicable.)

05007A Pesticides and Metals in Fish Program: check for
cheaAcal It heary Metal

IB MFC CODES fLat»el*,pkf,shipping contain.

120. MANUFACTURER (Naoit^ddnas & ZIP) 21. SHIPPER (Name^tddrem* & ZIP) 22. DEALER

23- SIZE OF LOT FROM WHICH SAMPLED

Mississippi River fish population
2». EST VALUE

RECEIP T ISSUE
S.DATE SHIPPED ft DOC RE

FD«72| FD4B«I NONE

S/l
27. r ESC RIPTION OF SAMPLE AND METHOD OF COLLECTION (Kumber arxi fixt ot until, etc.

2 buffalo and U carp suckers taken by electrical Mississippi River.

28. HOW = R E = A R E T entrails reaoved & vrapped in PCB free
roil. Vorapoed fish pi in plio-bat* plio-bag ident. fc offjcrtslly sealed. Sealed sample
2B. COLL IDENT ON C>KG AND /OR L ABEL 30. COLLECTOR'S IDENTIFICATION ON SEAL

IiToO.170-327 8/5/BO KOB" Kenneth O. Boercklin*
31. SAMPLE DELIVERED TO

Greyhound Bos
-, St. Louis, Mer. 14. LAB W/SPLIT SAMPLE

Min
35. ORIC C/R * RECORDS TO

Mill __
la. IN VOICE NO. ANC D A T E b. SHIPPING RECORD fB/L,F/B,Hayblll. Allidavit, ate.) NO. AND DATE

H/A
, < ic. c T-iER OOCUMEK T s (Attiaivni irota aeal*n, ate.) SIGNER'S NAME AND DATE

pit
"C H/A

37. REMARKS fjl mddiuorml tpact 11 n.ed.d. mttach form FD 464*. C/K Continuation Sheet)

**17-site was the only mfr of PCB'a In the Û . and is known to have aamnfactured agent
Orange. The 2,3>7.8 TdX) isoaer has been detected in this plant»a production and
upon the plant's preoLsea.
Monsanto Co., is the prlaary suspect for any rfMiMj*̂ ! contaadnants detected.

CONSUMER COMPLAINT NO. 34. AMT. S

CRED. C-.

s/c 40. 7041(9 SPL

YES NO

41. COLLECTOR (Typed name and mifnaturt,

Kenneth O. Buardclin
FORM FD 464 (10/77) COLLECTION REPORT

COLLECTING DISTRICT MONITOR £



> Clnsen c:issii;cauon code far
1 each PAC ,\o. represented by
* samp/e..

CODE PAC NO.

I b. uABORATGRY CONCLUSIONS

»*l.

-0

I

m. CiXS.

pf -

} c. NAME AND TITLE ! e. DATE

4«. DISTRICT CONCLUSIONS

j b. NAME AND TITLE (Dtftrtct) I c. SIGNATURE d. DATE

FORM FD 465 (4/78) PREVIOUS EDITION IS OBSOLETE. SAMPLE SUMMARY

ft. PRODUCT I 2. SAMPLE NC.

) 3a. SAMPLE CLASSIFICATION
I

i finser: classification code for
. each PAC ho. reoresented Dv

b. LABORATORY CONCLUSIONS

CODE PAC NO.

, c. NA,ME AND TITLE

>• yi ^<"i--
! d. SIGNATURE

•-*••>-
I e. DATE

| 4k. DI/TRICT CONJiLUSIONS

! ' «y •
/ /

b. NAME AND TITLE (Dittrlct; c. SIGNATURE - r,

S~L± f. JL,tf
I ci. DATE

FORM FD 465 (4/78; PREVIOUS EDITION IS OBSOLETE. SAMPLE SUMMARY
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Identification of Chlorinated Nitrobenzene Residues in Mississippi
River Fish

MARTIN P. YURAWECZ and BART J. PUMA
food and Drug Administration, Division of Chemical Technology, Washington, DC 20204

Residue* of lower chlorinated nitrobenzene* have
been found at levels up to about 1 ppm in 8 samples
of Mississippi River fish. Electron capture gas
chromatognphy (EC/GO was used for determination
jf ter extraction and cleanup using a procedure based
on the AOAC multiresidue method for organochlo-
rine and organophosphoms pesticides in nonfatty
foods. The residues found included 2-, 3-, and 4-
chloronitrobenzene and 24- and 3,4-dichJoronitro-
benzene; identity was confirmed by GC/mass spee-
trometry. GC retention times for 15 monochloro-
through pentachloro-substituted nitrobenzene con-
geners were determined with OV-101 and mixed
OV-101 + OV-210 columns at 130*C la studies of
the nonfatty food extraction and cleanup procedures
of the AOAC method, recoveries of 15 chlorinated
nitrobenzenes from spiked fish samples ranged from
69 to 116%. GC of cleaned up fish extract aliqnots
equivalent to 20 mg sample allowed quantitation of
individual congeners at levels of about 0.025 and 0405
ppm with JH and MNi EC detectors, respectively.
The contamination of Mississippi River fish with
chlorinated nitrobenzenes appears to be localized in
a 150 mile section of the river extending from St
Louis, MO, to Cape Girardeau, MO; no chlorinated
nitrobenzenes (<0.005 ppm) were detected in Mis*
siMippi River fish caught above or below this region
of the river or in fish from the lower Missouri River,
which joins the Mississippi River near St Louis.

Food and Drug Administration (PDA) personnel
use the AOAC official multiresidue method for
organochlorine and organophosphoms pesti-
cides (sees. 29.001-29.018 (1)) to analyze foods for
many potentially hazardous contaminants be-
sides those for which the method has official
status (2). Since 1976, PDA monitoring pro-
grams for pesticide and industrial chemical
residues in foods have included analyses of se-
lected food samples, mainly of domestic fresh-
water fish, for residues of electron-capturing
industrial chemicals that are recovered in the 6%
ethyl ether-petroleum ether eluate of the Florisil
cleanup procedure (sec. 29.015 (1)), but are too
volatile for electron capture gas chromatography
(EC/GC) analysis at the operating conditions
recommended in sec. 29.018 (1). EC/GC of these
volatile compounds, called "early eluting in-
dustrial chemicals" because they elute from the

Received December 20. 1982. Accepted March 7, 1983.

OV-101 GC column before the residues usually
determined by the method, is carried out with
the OV-101 column temperature at 130°C instead
of the recommended 200°C for pesticides. As
part of an ongoing PDA program to identify new
or previously unrecognized industrial chemical
contaminants of foods, our laboratory investi-
gates food samples that give unidentified ana-
lytical responses when monitored for early
eluting industrial chemicals at PDA field labo-
ratories.

In one of these investigations, monochloro-
and dichloronitrobenzene residues were iden-
tified in a sample of Mississippi River buffalofish
caught about 60 miles south of St. Louis, MO.
The sample was first noted to yield an uniden-
tified EC/GC response in an analysis for early
eluting residues at the PDA Minneapolis District
laboratory. When the analytical characteristics
of the unknown compound were found to differ
from those of the compounds listed in an PDA
compilation of GC characteristics and AOAC
method behavior data for volatile industrial
chemicals, the sample was sent to this laboratory
for further study. After the residues were ten-
tatively identified as monochloro- and dichlo-
ronitrobenzene congeners by GC/mass spec-
trometry (MS), retention times and recoveries
through the nonfatty food extraction and
cleanup procedures of the AOAC method (1)
were determined for 15 monochloro- through
pentachloronitrobenzene congeners. Follow-up
analyses of 12 additional fish samples from the
Mississippi River and 6 fish samples from the last
300 miles of the Missouri River were performed.
Chloronitrobenzenes were found at levels up to
about 1 ppm in 7 samples caught in the Missis-
sippi River near or below St. Louis. Residues
found included 2-, 3-, and 4-chloronitrobenzene
and 2,3- and 3,4-dichloronitrobenzene; their
identities were confirmed by GC/MS compari-
sons with reference standards of the conge-
ners.

Monochloronitrobenzenes have been reported
as contaminants of river and drinking waters (3),
but neither these compounds nor dichloroni-
trobenzenes have previously been reported as
environmental contaminants of fish or other
foods. Annual United States production of
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the GC detector oven between the column and
separator (9). Glass GC column: 1.8 m X 2 mm
^ packed with 3% OV-101 on 80-100 mesh
Chromosorb W (HP). Operating conditions:
helium carrier gas 20 mL/min; temperatures
(»Q—column 130, inlet 150, separator 260,
transfer line 220, ion source 150; mass spec-
trometer pressure 2 X 10~5 torr; filament emis-
sion 500 jiA; preamplifier 10~7 A/V; 70 eV pri-
mary ionizing voltage in El mode; scanned mass
range m/z 33-350; integration time 6 ms/atomic
mass unit; data acquisition under computer
control.

(e) Combined gas chromatograph-mass spectrometer
(chemical tonization (CI))-data system.— Finnigan
9600 gas chromatograph/Finnigan 4023T qua-
dnipole mass spectrometer equipped with pulsed
positive ion negative ion (NI) CI oprion/lNCOS
2300 data system. The gas chromatograph was
directly coupled to the mass spectrometer ion
source through a 25 m X 0.2 mm id OV-101
WCOT flexible fused silica capillary column.
Splitless injections were made at the following
operating conditions: temperatures (°Q—in-
jector 160, column held at 90° for 1 min after in-
jection, then programmed at 15° /min to 150° and
held at 150" for 10 min, separator region 160°,
transfer line region 115, ion source 250; helium
carrier gas head pressure 10 psi; septum sweep
(0.8 iriin after injection) 40 mL/min; methane
reagent gas used to increase source pressure to 0.3
torr; electron energy 70 eV; filament emission
0.25 mA. Samples and reference materials were
compared in the NI CI mode using multiple ion
detection for ions of m/z 35,37,127,129,157,159,
161, 163, 191, 193, and 195 with repetitive 1.2s
scans.

Preparation, Extraction, and Cleanup of Fish
Fish were prepared for analysis in accordance

with the edible portion guide of the FDA Pesticide
Analytical Manual (PAM I) (sec. 141.12c (10)).
Before extraction, the edible portion of each
sample was thoroughly mixed and ground in a
meat grinder as described in PAM I (sec. 142.4(5)
(10)). Ground fillets of ocean perch were used
as the sample substrate in recovery studies. For
several fish samples, including ocean perch, the
approximate fat content of the edible tissue was
determined as in the official fatty food extraction
procedure for fish (sec. 29.012(e) (1)).

Residues were extracted from the homoge-
nized fish samples with acetonitrile by using an
adaptation of the official extraction procedure for
high-moisture nonfatty foods containing <5%
sugar (sec. 29.011(a)(I) (1)). This procedure.

which is normally applied to extract 100 g sam-
ples of fruits or vegetables, was modified for
application to fish of known fat content as de-
scribed in PAM / (sec. 211.13(0(2) (10)), i.e., by
reducing the sample weight so that the total
amount of fat was S2 g (maximum sample size 50
g). For fish of undetermined fat content the
sample weight used in the nonfatty food extrac-
tion procedure was limited to 10-15 g, except for
one sample, a carp and sucker fish composite, of
which two 20-22 g portions were extracted to
obtain enough of the residues for GC/MS anal-
ysis.

After the residues were extracted from the fish
with acetonitrile, they were transferred to pe-
troleum ether (sec. 29.011(e) (1)), and cleaned up
by Florisil column chromatography. The Florisil
cleanup procedure (sec. 29.015 (1)) was used
without modification for most of the recovery
studies with fortified samples of ocean perch; for
other analyses of fish, the procedure was modi-
fied to elute potential interfering residues from
the Florisil column with 100 mL petroleum ether
before the usual 6,15, and 50% ethyl ether-pe-
troleum ether eluates were collected. Each of the
eluates was evaporated to ca 5 mL in a Kuderna-
Danish concentrator equipped with a Snyder
distilling column. For EC/GC analysis, the
volume of each concentrated Florisil eluate was
adjusted with petroleum ether so that a 3-8 nL
aliquot was equivalent to 20 mg sample. When
further concentration of the eluate was required,
as for GC/MS analysis, the solvent was evapo-
rated to a suitable volume in a Kuderna-Danish
receiver tube equipped with a micro-Snyder
column. (Because of the volatile nature of the
residues of interest, solvent evaporation under
jets of air or nitrogen was avoided.) The 15%
ethyl ether-petroleum ether eluates were stored
in the dark unless their EC/GC analyses were
completed on the same day as the Florisil column
cleanup. When these eluates or their concen-
trates were allowed to stand in normal laboratory
light, the "solvent" peaks in their EC chromato-
grams increased in size as a function of time and
became large enough in ca 1 week to obscure the
responses for monochloronitrobenzenes.

G»» Chromatography
A 10 nL syringe was used to inject 3-8 nL ali-

quots of the concentrated sample eluates and
reference standard solutions for analysis by
EC/GC. Retention times of peaks for residues
and standards were measured from the solvent
peak front and converted to retention times rel-
ative to QCB. Peak height was used as the mea-
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— nitrobenzene* on pecked QC column** ocean pereti By ABAC poractoe munireeMuoenracaan/

1 SSSS. -=, TSSf
,Chioro °23 °41

i j.^niw'" „ ft *»4-CWoro 02| 0.43
2-cw°ro «,? «cf35-tXhloro 0.37 0.56
ZfrOichloro 0^0 0.71
aloichloro 0.42 0.70
24-Dichloro 0.45 0.79
i'4-Dichloro 0.50 0.83
2'3-Oictiloro 0.51 0.94
24 6-Tnchloro 0.64 1.00
2 Vs-Trichloro 0.85 1.33
2 3 4-Tnchloro 1.03 1.70
2 3 5 6-Tetrachtoro 1.37 1.92
2 3A5-Tetrachloro 1.80 2.57
Pentachloro 2.97 3.83

• Reiativt to QCB.
• Columns: 5% OV-101; 5% OV-101 + 7.5% OV-210(l +

t). GC parameters given in Apparatus (e).

buffalofish, a mixture of chlorinated nitroben-
zene standards, and the 15% mixed ether eluate
of a control sample of ocean perch. The residues
indicated by peaks 1 and 2 in the chromatogram
of the buffalofish (Figure 1A) eluted from the
mixed OV-101 + OV-210 column at the same re-
tention times as 4-chloronitrobenzene and 2-
chloronitrobenzene, respectively. When these
residues and the corresponding standards (peaks
1 and 2, Figure IB) were chroma tographed on
OV-101 columns at 130°C, all eluted at the same
retention time. GC/EI-MS comparison of the
co-eluting residues with the individual mono-
chloronitrobenzene standards, in combination
with the EC/GC retention data, demonstrated
that the 15% mixed ether eluate of the buffalofish
contained both the 2- and 4-chloronitrobenzene
isomers.

The El mass spectrum of the residue that pro-
duced peak 4 in Figure 1 A was tentatively iden-
tified as that of one or more dichloronitroben-
zene isomers. To determine the identity of the
specific dichloro isomer(s) and to determine
whether other chlorinated nitrobenzenes were
present in the sample, the GC characteristics of
15 chloronitrobenzene congeners and the be-
havior of these compounds in the AOAC non-
fatty food extraction and cleanup procedures
were investigated.

Table 1 lists the congeners studied and their
GC retention times relative to QCB on OV-101
and mixed OV-101 + OV-210 columns at 130°C
(The reported relative retention data are for the
columns described in Apparatus (c); virtually the
same values were obtained with the more heavily

Chlorinate Added,
nitrobenzene ppm Rec.. % Eluate*

2-Chloro 0.50 69. 71 6, 15
0.050 68, 74

3-Chloro 0.42 71 15
0.042 82

4-Chloro 0.80 80. 80 15
0.080 79. 83

2.3-Dichloro 0.25 83. 95 6. 15
0.025 87. 92

2.4-Oichloro 0.20 89. 95 6. 15
0.020 90. 97

2.5-Dichloro 0.16 104.116 6
2.6-Oichloro 0.11 88.101 6
3.4-Dichloro 0.20 86. 90 15

0.020 87. 92
3.5-Oichloro 0.11 88.107 6.15
2.3.4-Trichtoro 0.24 97, 103 6. 15

0.024 93. 95
2.4.5-Trichtoro 0.45 95. 102 6. IS

0.045 100. 102
2.4.6-Trichtoro 0.48 101. 102 6

0.048 103. 103
2.3.4.5-Tetrachloro 0.36 99, 104 6. IS

0.036 95. 99
2.3.5.6-T«trachloro 0.37 86. 102 6

0.037 101. 104
Pentachloro 1.00 84.102 6

0.100 100. 103

• Nonfatty food extraction cleanup (sees. 29.01 KaX I) and
(e) and M.01S (1). Extraction modified for fish as in PAU 1
(sec.2U.13(0<2)(lO)).

• Florisil eluate containing compound: 6 • ethyl ether-
petroleum ether (6 + 94); 1 5 • ethyl ether-petroleum ether
(15 + 85).

loaded columns described in Apparatus (b).) The
EC responses (peak heights) for the chloroni-
trobenzenes approximated that of an equal
amount of QCB; the wNi detector provided about
2-3 times greater response for the chlorinated
nitrobenzenes relative to QCB than the 3H de-
tector. The GC retention data for 2 columns in-
dicated that the dichloronitrobenzene isomer in
the buffalofish (peak 4, Figure 1A) was 3,4-di-
chloronitrobenzene. GC / EI-MS comparison of
the residue with the standard confirmed this
finding.

In studies on the behavior of the chloronitro-
benzenes in the AOAC nonfatty food method,
the Florisil cleanup procedure (sec. 29.015 (1))
was used without the modification made for the
analysis of the Mississippi River buffalofish, i.e.,
the usual 6, 15, and 50% mixed ether eluates were
not preceded by a 100 mL petroleum ether eluate.
(The elution with petroleum ether was omitted
so that the recovery data would show the eluates
in which the compounds would normally be
recovered.) Table 2 lists the recoveries of 15
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Table 3- Chlorinated nitrobenzene* (ppm) found In edible portkm of ftali from Mlcdtalppi River

Origin* 2-Chloro 3-Chloro 4-Chloro 2.3-Dichloro 3.4-Dicnloro

Cattish
Catfish
Catfish
Catfish
Carp/sucker"
Buffalo'*"
Catfish
Catfish o

o
o

o
o

o
o

o b
0.064
0.053
0.026
0.24 0.0
0.12
0.006
0.027

0008
0.19
0.088
0.20

57* 0.63 0.0
0.20
0.019
0.025 '

24 O.C
O.C

i

>

185
3

' Fish collection site, in miles south of St. Louis.
» Not detected, limit of quantitation <0.005 ppm.
c GC resolution for analysis was inadequate to detect or determine 3-chloronitrobenzene in presence of lO-'old larger

amounts of 4-chloromtrobenzene. If 3-chloro isomer is present in sample, its concentration is estimated as <10% of that
a( 4-chloro isomer.

a composite of 2 species.
• Residue value determined using WCOT capillary GLC column.
' Near Kimswick. MO.
i Near Cape Girardeau. MO.

found at the retention times of the 2-chloro-, 3-
chloro, 4-chloro-, 2,3-dichloro-, and 3,4-dichlo-
ronitrobenzenes. The presence of these 5 con-
geners in the 6% mixed ether eluate of the Sauget
fish sample was confirmed by comparing the ion
current chromatograms obtained for the residues

2 9

0 5
MINUTES

Figure 2. EC <"Ni) gas chromatograms of A, 6%
ethyl ether-petroleum ether Florisil eluate of carp/
sucker composite (10.5 mg sample equivalent inject-
ed); B, mixture of chlorinated nitrobenzene conge-
ners: (1) 3-chloro, (2) 4-chloro, (3) 2-chloro, (4) 3,5-
dichloro, 15) 2,6-dichloro, (6) 2,5-dichloro, (7) 2,4-
dichloro, (8) 3,4-dichloro, and (9) 2,3-dichloro. OV-
101 WCOT capillary column with GC conditions in

Apparatus (c).

and reference standards by using capillary
GC/MS in the NI CI mode with multiple ion
detection of ions characteristic of monochloro-
and/or dichloronitrobenzenes (Apparatus (e)).

EC/GC with the 63Ni detector and the mixed
OV-101 + OV-210 column described in Apparatus
(c) was used to determine the residue levels re-
ported in Table 3, except for 3-chloronitroben-
zene, which was determined by using the OV-
101 WCOT capillary column. Quantities of
compounds found in both the 6 and 15% mixed
ether eluates were combined for reporting in
Table 3. As shown by Figure 2, the 6% mixed
ether eluate of the Sauget fish composite con-
tained 3 compounds which would normally be
recovered in the 15% mixed ether eluate, viz.,
3-chloro-, 4-chloro-, and 3,4-dichloronitroben-
zene. Additional amounts of these compounds
(and 2-chloronitrobenzene) were found in the
15% mixed ether eluate; however, this eluate did
not contain 2,3-dichloronitrobenzene, a com-
pound which split between the 6 and 15% mixed
ether eluates in recovery studies with fortified
ocean perch. Although the same lot of Florisil
was used as in the recovery studies, the aberrant
residue elution pattern was observed for both of
the 20-22 g portions of the Sauget fish composite
that were processed to obtain enough of the
residues for GC/MS analysis. Since the fat
content of the composite was not determined, the
portions taken for analysis may have contained
more than 2 g fat and this, either by itself or in
combination with the modification of the Florisil
cleanup procedure to use the 100 mL petroleum
ether eluate, may have affected the Florisil elu-
tion behavior of the residues.

The residue findings reported here indicate
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Organic Constituents of Mutagenic Secondary Effluents
from Wastewater Treatment Plants
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Abstract. The organic constituents of mutageni-
cally active secondary effluents from industrial
plants and publicly-owned treatment works in Il-
linois were analyzed by capillary gas chromatog-
raphy-mass spectroscopy. Tentative identification
of 243 compounds, 20 of which are U.S. Environ-
mental Protection Agency priority pollutants, was
achieved, including 33 not previously reported as
water constituents. Among the compounds detected
in one or more of the effluents were aromatic hy-
drocarbons,.phenols, plasticizers, chloro- and bromo-
compounds, anilines, indoles, and triazine herbi-
cides. However, only N- nitrosodimethylamine and
o-toluidine, among the identified compounds, are
known to be carcinogens or mutagens.

More than 2,000 organic compounds have been re-
ported to be present in natural waters, ground
water, drinking water and industrial effluents
(Coleman et al. 1980; Fine and Rounbehler 1976;
Hushon et al. 1980; Jungclaus et al. 1980; Keith et
al. 1976; Perry et al. 1978; Richardson et al. 1980;
Shackelford and Keith 1976; Sheldon and Hites
1978, 1979; Zoeteman et al. 1980). Little is known
about the possible effects of these substances on
human or ecosystem health, but in the last few
years, reports have appeared on mutagenicity in the
organic fractions of drinking water (Loper et al.
1978; Nestmann et al. 1979; Cheh et al. 1980) river
water (Pelon et al. 1977) and wastewater (Rap-
paport et al. 1979; Saxena and Schwartz 1979). The
vast majority of the organic compounds identified in

' To whom correspondence should be addressed

waters has not been tested for mutagenicity; how-
ever 34% of the 71 compounds reported to occur in
drinking water and tested by Simmon et al. (1977)
were mutagens in the Salmonella histidine rever-
sion test. In a recent study of secondary effluents
from ten municipal and industrial wastewater
treatment plants discharging into rivers in Illinois,
significant mutagenicity was found in organic con-
centrates of all effluents; mutagenic activity per liter
of effluent varied over a 4500-fold range. The tenta-
tive identification by gas chromatography-mass
spectrometry (GC-MS) of 243 organic compounds
from these effluents is reported herein.

Methods

Sir* selection and sampling: Sites were selected and samples
were collected by the staff of the Division of Water Pollution
Control of the Illinois Environmental Protection Agency. A few
composite samples were collected with a syringe-activated sam-
pling pump, but most were grab samples. Emphasis was given to
secondary effluents from municipal treatment plants receiving
industrial discharges as part of the influent, and one sample of
wholly municipal effluent. Table I describes the sites sampled
and provides information on the collection of samples. The Il-
linois Pollution Control Board's Rules and Regulations require
that effluent discharged in Illinois shall not exceed a level of 400
fecal coliforms per 100 ml. which requires municipal wastewater
treatment plants to disinfect most plant effluents. Chlorination is
the most common method used to meet this requirement. Among
the effluents sampled, samples 1. 9. and 10 were not disinfected:
no disinfection was-practiced at these plants. All of the others
were chlorinated with Cl». A telephone survey of the plants that
chlorinate revealed a variety of free chlorine residuals ranging
from 0.2 to 0.9 ppm. Disinfection by chlorination could increase
the mutagenic activity of the effluent or if the free available
chlorine residuals are high, weak mutagenic activity might be
created by reaction of the chlorine with the XAD resins used for

0090-4341/82/0011-0373 S02.00
© 1982 Springer-Verlag New York Inc.
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Table 1. Location and description of sampling sites in Illinois

Sample no. Date; hr Location Remarks

1
2

3

4

5

6

7

8

9

10

22 Feb 80
20 Mar 80;

9:00-16:30
17 Apr 80;

13:30
29 Apr 80;

11:00
16 May 80

28 May 80;
10:00

5 June 80;
14:00

13 June 80:
17:00-23:30

20 June 80;
16:00-23:00

26 June 80:
13:30-20:30

Refinery, Lockport
St. Charles POTW'

Addison POTW

Bartlett POTW

Roselle POTW

Danville POTW

Decatur POTW

Bensenville POTW

Sauget POTW

Industrial plant
at Lawrenceville

Grab sample of oil refinery final effluent
Sample was Vi grab and Yi 8 hr. composite,

by vol.. final effluent
Grab sample of final effluent

Grab sample of final effluent

Grab sample of final effluent
(Trickling filter plant partially inoperative)

Grab sample of final effluent

Grab sample of final effluent

Composite sample taken at weir at chlorine
contact tank nearest to discharge line

Composite sample" taken at first manhole
downstream of treatment process

Composite sample1 taken at weir of final set-
tling pond prior to process outfall

" POTW = Publicly Owned Treatment Works
n Sample was deep yellow to amber in color and slightly odorous. A substantial solid
influent side of the XAD-2 resin tube
c Sample had an "organic odor" and showed patches of oil on its surface. Part of

accumulate appeared on the glasswool plug on the

the effluent came from chlorinated process water

sample workup. However, the mutagenicities of the effluents
appeared unrelated to chiorination. Chlorinated compounds did
not predominate in any sample, and among the four most
mutagenic effluents, two had been chlorinated and two had not.

/•
Total Organic Carbon: A Dohrmann DC-54 apparatus was used
for the determination of total dissolved organic carbon after fil-
tering the samples through baked glass fiber ultra-filters. Two or
three replicates were run for each sample; the values agreed
within (0%.

Solvent Extraction: The solvent extraction procedure used in
U.S. Environmental Protection Agency (EPA) protocols (ad-
justment of sample pH to 11. extraction with CH,C1,, readjust-
ment of pH to 2, extraction wi th CH,CI,) was modified:
the second extraction was performed at pH 6 so that phenolic
compounds would be protonated and presumably extract-
able in this step, whereas carboxylic acids would remain in the
anionic form and remain in the aqueous layer. The carboxylic
acids were concentrated on XAD-8 resin. To minimize contami-
nation, all glassware was washed with detergent, rinsed with
distilled water and acetone, baked at 350°C overnight, and cov-
ered with aluminum foil during storage. Apparatus contained
Teflon stopcocks.

The pH of each effluent sample (32 L) was adjusted to 11 with
4 M KOH in the field. During this operation, precipitates some-
times formed: if so, the sample was carefully decanted, so that
paniculate material was not disturbed at the bottom of the con-
tainer. The decanted sample was extracted at pH 11 withCH,Cls
(40 ml CH,CIyL sample). The extraction apparatus consisted of
three parts (a 4-L flask, a fritted glass filter unit and a 1000-ml
separatory funnel) interconnected by standard taper joints. The
aqueous sample containing CH,C1. was magnetically stirred for

10 min with the flask in its normal position: the filter uni t (de-
signed to break emulsions) was then affixed on top of the flask
followed by inversion of the entire assembly. The CH.;C1; layer
was drained through the glass filter of the unit and collected in
the separatory funnel for further processing. After the first ex-
traction, the organic layer was removed and the sample was
reextracted, a process repeated three times. After the last ex-
traction at pH 11, the pH of the sample was adjusted to pH 6 with
11.7 M HC1. The pH 6 sample was again extracted four times
with CH,Clj. The aqueous fraction was discarded: the CH:C1,
fractions, dried with MgSO,, were concentrated to 200 ml by
rotary evaporation and 100 ml of the concentrate was further
evaporated to a final volume of 0.5 ml for GC'MS analysis.

Resin Sorption: All samples were also fractionated by two
Rohm and Haas resins, XAD-2 and XAD-8. Resin XAD-2. a
macroporous polystyrene, is highly useful in concentration of
nonpolar organic compounds from dilute aqueous solution I Burn-
ham et at. 1972), whereas XAD-8, a polyacrylate. is especially
useful for polar compounds such as carboxylic acids (Thurmancf
al, 1978). Resins were purified by methods based on those of
Junk et al. (1974) and Thurman et al. (1978). Eighty g of Amber-
lite XAD-2 or XAD-8 were washed with 200 ml of 2% ammonium
carbonate for twenty min. The resins were rinsed with 500 ml of
distilled water after the ammonium carbonate wash and ex-
tracted sequentially in a Soxhlet apparatus with water, methanol
(glass-distilled), and diethyl ether (reagent grade). The volume of
each solvent was 300 ml: resins were refluxed 24 hr in each
solvent. At the end of the ether reflux, resins were nnsed succes-
sively with 200 ml of methanol and 1000 ml of glass-distilled
water. The aqueous slurry of the resins was stored in glass bot-
tles with glass stoppers: the slurry was not allowed to become
dry. XAD-2 and XAD-8 were packed into separate columns with
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bed volumes of 59 ml (the length and the diameter of the columns
were 12 cm and 2.5 cm, respectively). Alter packing, resins were
washed thoroughly with glass-distilled water before use. All re-
sins were used only once. Each aqueous sample (32 L) was
passed through an XAO-2 column (either by gravity or by means
of a mechanical syringe pump) at a rate of 50 ml/min, discarding
the eluate. After the aqueous sample was passed through the
column, sorbed organic compounds were eluted with 200 ml of
diethyl ether. A portion of the ether fraction (100 ml), after dry-
ing with MgSO,, was concentrated to 0.5 ml by rotary evapora-
tion and set aside for GC'MS analysis. The remainder of the
fraction was reserved for mutagenicity testing.

The pH of another 32 L of aqueous sample was adjusted to pH
2 with 11.7 M HC1 in the field. After arrival in the laboratory, the
sample was run through an XAD-8 column either by gravity or by
a syringe pump at a rate of 50 ml/min. The column was eluted
with 200 ml of 0.05 M NH«OH. A portion of the eluate (100 ml)
was lyophilized to dry ness. The resulting powder was dissolved
in 5 ml of methanol before methylation with CH,N,. The methyl-
ated sample was concentrated to 0.5 ml by rotary evaporation
before GOMS analysis.

GCIMS Analysis: Gas chromatography for all ten samples was
done on a 30-m high-resolution SP-2100 coated glass capillary
column (Supelco Inc.; A A grade; internal diameter 0.32 mm) in a
Hewlett-Packard 5730 gas chromatograph. The carrier gas was
helium at a flow rate of 1.8 ml/min: the injection port temperature
was 200*C. Splitless, on-column injection techniques were used;
sample injection size was normally 1.0 n\. Temperature was pro-
grammed from 40°C (after a 5-min. hold) to 240*C at 3'/min. and
held at 240°C for 50 min. Compounds were detected by a quad-
rupole mass spectrometer (Hewlett-Packard 5985) as a total ioni-
zation detector. The quadrupole was tuned daily using
perfluorotributylamine as a standard. The performance of the GC
column was checked periodically with the use of standard mix-
tures of EPA priority pollutants (Supelco Inc.). The use of these
mixtures allowed the identification of the compounds (when
present in the effluent samples) with a high degree of confidence
by comparison of their retention times and mass spectra with
those of the standards under nearly identical conditions. Similar
standard mixtures, supplied by Supelco, Applied Science
Laboratories, and Alltech permitted the identifications of the
n-alkanes, fatty acids, and some of the alcohols, ketones, and
phenolic compounds (Table 3). Decadeuterioanthracene was
used as an internal standard in some samples.

Other compounds were tentatively identified by a combination
of computerized peak matching and examination of standard ref-
erence mass spectra (Mass Spectrometry Data Centre 1974;
Stenhagen et at. 1974). The peak matching procedure was seldom
of value in the process, and in no case was peak matching alone
accepted as evidence for the identification of a compound.

Results and Discussion

Total Organic Carbon: Dissolved organic carbon
concentrations are listed in Table 2. They ranged
from 9 mg/L for effluent 5 to 152 mg/L for effluent 9.
(All of samples 1,3, and 4 were consumed by the
fractionation procedures; no TOC analyses of these
samples were made).

Table 2. Total organic carbon (TOC) in unfractionated effluents

Sample TOC (mg/L)

Effluent 2 (St. Charles)
Effluent 5 (Roselle)
Effluent 6 (Danville)
Effluent 7 (Decatur)
Effluent 8 (Bensenville)
Effluent 9 (Sauget)
Effluent 10 (Lawrenceville)

17
9

16
19
12

152
22

Individual Compound Identification: The analysis
of the ten effluent samples resulted in the tentative
identification of 243 organic compounds. A complete
list of all compounds tentatively identified and their
frequency of occurrence is shown in Table 3; 74
were categorized as hydrocarbons, 49 alcohols and
phenols, 17 aldehydes and ketones, 27 acids and
esters, 15 ethers, 20 halogen compounds, 37 nitro-
gen compounds, and 4 others. Some compounds
had more than one functional group; the total
number of compounds in several of the above
categories would be somewhat greater if this was
taken into account.

Twenty of the compounds were U.S. EPA prior-
ity pollutants (Table 4). The occurrence of most of
the compounds was scattered, but naphthalene oc-
curred in 8 of the 10 effluents. Dichlorobenzenes
also were detected in 7 of the 10 effluents; of the
remaining priority pollutants, only C4-benzenes, di-
butyl phthalate, and nitrobenzene occurred in as
many as 4 of the 10 samples. Thirty-three of the 243
compounds tentatively identified have not previ-
ously been reported as constituents of natural
water, drinking water, or wastewaters. Only 17 of
the compounds (or groups of isomeric compounds)
were detected in four or more of the effluents; n-
tetradecane in 4, xylene isomers in 4, C3-
alkylbenzenes in 5, benzaldehyde in 4, 1,3-
dioxolanes in 4, lauric acid in 4, nitrobenzene in 4,
acetaminophen in 4, cresol isomers in 4, ben-
zothiazole in 5, 2-(methylthio)benzothiazole in 5,
dibutyl phthalate in 6, Ci-naphthalenes in 6,
dichlorobenzenes in 7, C4-alkylbenzenes in 6,
naphthalene in 8, and BHT in 9. The majority of the
compounds (148 out of 243) occurred only once.
The individual samples were widely different in
terms of the number of identifiable compounds
present, ranging from only 11 in effluent #2 (St.
Charles) to 71 in effluent #10 (Lawrenceville).

Sample 1 (Lockport): This sample, taken from a
petroleum refinery, contained a variety of com-
pounds ranging from hydrocarbons to triazine her-
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Table 3. Tentative identification and frequency of occurrence of compounds detected in municipal and industrial effluents

Hydrocarbons (74)"

C,H,n
C.HM
C,»H,,
CinH.j
Ci:Hj»
CijHu
CuHt«
CnHjo
CijHu
CI«HM
C|§HM
CirH-jg

CuHjs
CI»HIO
C«ftH^«
CjiyH^

CjiH44
CsiH,«
CuHw
CuH»3

CjjHjj
Isopropylcyclohexane
Toluene
C,- Benzenes
C3- Benzenes
C<-Benzenes
C,- Benzenes
C,-Benzenes (monounsaturated or monocyclic)
Indene
Cflndene
Indan .•'
C,-Indan« $?
C,-Indan«
C3- Indan"
C,-Styrene
Naphthalene
C,-Naphthiilenes
C,-Naphthalenes
C3- Naphthalenes
C.-Naphthalenes
Cj-Tetrahydronaphthalene
C,-Biphenyl
Cj-Fluorene
Phenanthrene
Alcohols, phenols 149)
Butenol
2-Methyl-2-butanol .
1-Hexanol
2-Hexanol
3-Hexanol
2-Hydroxy-2-melhyl-4-pentanone
C,-Heptanol
a-Terpineol
Linaiool
Fenchyl alcohol
Borneol
Camphene hydrate
Terpinen-4-ol
Eugenol

Number
of isomers*

2
2
1
1
3
3
1'
1
2<
1
1
1
I
1
1
1
3
6
9
3
1

2
1
2
2
2
2
1
1
I
1

1
1
1
1
1
1
2
1
1
1
I
I
1
1

Number
of times
detected"

I
1
1
1
1
1
1
3
2
1
I
2
3
2
1
2
1
1
1
1
1
1
3
4
5
6
3
1
1
1
1
2
2
2
2
8
6
2

3
1
1
1
1
1
1

Previously
reported0

•h
-1-
+•
-t-
•(-
+
•(-
+
JT
-t-
•f

-t-
-t-

•»•

+
•¥•
4-
+
+
+
4-

-

+

+•

+•

+

-1-

+•

•»•

+•

4-
+•
+•

4-
±

+
4-
4-
4-
4-
4-

4-
4-
4-

4-
4-

4-

4-

4-

4-
4-
4-
4-
4-
4-
_

4-
4-

Effluent
no.

9
1
5
I
10
10
4
1,3,10
1.10
10
10
1.10
1.3,10
3.10
5
1.10
10
10
10
10
4
3
1.3,4
1.3.9,10
3.7.8,9.10
3,6,7,8,9.10
7.10
7
9
10
3
3,9
7,10
7.8
6.10
1.3.4,5.6.7,8,9
3,5.6,7,8.9
3.7
10
10
3
3
3
8

3
4
2,3,5
3
9
9
6
3
3



Mutagenic Secondary Effluents 377

Table 3. (cont'd)

Carboxylic acids, esters 127)
Acetic acid
2-Pentenoic acid
Octanoic acid
Nonanoic acid
Decanoic acid
Lauric acid
Myristic acid
Branched C,, acid
Branched C,s acids
Unsaturated C,, acids
Palmitic acid
Palmitoleic acid

+
+

Thymol
Carvacrol
Benzyl alcohol
Phenol
C,- Phenols
C,-Phenols
C,- Phenols
C,-Phenols
2-CMorophenol
Dichlorophenols
2,4,6-Trichlorophenol
Tetrachlorophenol
Pentachlorophenol
Bromophenol
m- orp-Nitrophenol
o-Nitrophenol
BHA
BHT
p-Propoxyphenol
p-/- Amy Iphenol
p-Tetramethylbutylphenol
Methyl-r-butylphenol
p- Dimethy Ipropy Iphenol
o-Pheny Iphenol
Nonylphenol
p-r-Buty Iphenol

Aldehydes. Kelones (17)
2- Methyl-3-pemanone
2-Methyl-2-penfenal
4-Methyl-3-p>e'nten-2-one
3-Hexanone •
4,4-Dimethyl-2-pentanone
3-Heptanone
Cyclohexenone
Pent-3-en-4-one
3-Methyl-2-bornanone
5-Phenyl-5-methyl-2-hexanone
2.6-Di-r-butytbenzoquinone
Benzaldehyde
Vanillin
Acetophenone
C,-Acetophenone
Benzophenone
Fluorenone

Number
of isomers*

1
1
1
t
2
1
3
3
1
2
1
1
1
1
1
1
2
1
1
1
1
I
1
1
2
1

1
1
1
1
1
1
1
I
I
1
1
1
1
1
1
1
1

Number
of times
detected"

2
1
2
2
4
1
1
1
1
1
2
1
1
1
1
1
3
9
2
1
3
3
1
2
1
2

1
3
1
1
1
1
1
1
1
1
1
4
1
2
2
3
2

Previously
reported'

+
-
•¥
•f
+
-t-
+
+
•f
+
+
-t-
-f
•1-
•»•
•(-
+
+
•*•
-
+•
+
-
+
4-
+

-t-
-
+
+
-t-
+
-
+
-
-
+
-f
-h
-f
-f

-t-
•h

Effluent
no.

6.10
10
3,9
1.9
3,5,7,9
10
10
Jo

/9

/ 9
6,9
9
9 1

1 9 '•
\ 9 1y 9 '
^*J,7

1-8,10
5,6
5
5,7,8
4.5.6
7
7.8
7
7,9

I
3,4,5
1
1
1
1
6
1
1
8
5
3.4.6.7
6
5,9
9
3,5.6
3,9

7,8
2
3
3
2.3,7
2.3,7,9
2,3.7
7
7
7
2,3,8
7
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Branched C,, acid
Stearic acid
Benzoic acid
C,-Benzoic acid
Cj-Benzoic acid
Salicyclic acid
Phenylacetic acid
Phenylpropionic acid
Ethyl acetate
Ethyl 2-hydroxy-2-phenylacetate
Diethyl phthalate

. Dibutyl phthalate
Di(2-ethylhexyl)phthalate

Ethers (IS)
Ethyl tsopropyl ether
Diphenyl ether
1,3-Dioxolanes
Dibutoxy methanes
Dipropylene glycol methyl ether
Tripropylene glycol methyl ether
Tetrapropylene glycol methyl ether
2,2-Dimethoxy- 1-phenylethane
l,4-Dioxaspiro(4,5) decane

HalvgenateJ compounds (201
Dibromochloromeihane
Bromoform /
Tetrachloroeth/ylene
3-Bromocyclohexene
3-ChIorocyclohexene
Chlorobenzene
Bromobenzene
Dichlorobenzenes
Chlorotoluenes
Chlorinated Cj-benzene
Chloroanilines
Chloronitrobenzenes
Dichloroaniline
Dichloronitrobenzene
Trichloroaniline
l-Nitro-3-bromo-4-aminobenzene

Nitrogen compounds (37)
Dimethyinitrosamme
Diethylaminoethanol
C,-Pyrrole
Glycine
C.-Pyridine
CfPyridine
C,-Pyridine
Nitrobenzene
Aniline
C,-Aniline
Ethoxyaniline (phenetidine)
Formanilide
Nitroaniline
o-Toluidine
Acetaminophen

Number
of isomers"

1
1
4
2
2
1
2
1
1

2
2

2
2
1
I
1
1

1
1
t
1

1

Number
of times Previously
detected" reported'

-
+
+
+
+
+
+
+
+
-

2 +
6 +
1 «•

1 +
1 +
4 -t-
1
3 +
1
1
1
1

1 +
1 +
3 +
1
1 +
2 +•
1 4"
7 +
I -»-
1 +
1 +
1 -i-
1 +
1 +
1 +
1

1 +
1 +
1 +
2 +
1 +
1 -t-
1 +• .
4 +
1 +
2 +
1
1
2 +
1 +
4 +

Effluent
no.

10
3
3
10
10
9
3
3
1
6
3,5
3,5,6,7,8,10
3

1
7
1,5,6,7
3
6,7,10
6
5
5
6

4
4
3.5,7
4
4
1,9
9
3,4.5.6,7,8.9
9V

9
9
9
9
9
9
9

3
7
6
1,2
9
7
9
1,3,6.9
9
9,10
9
9
6.9
10
2,3.5,6
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Table 3. (confd)

t
c

Nicotine
p-Nitrophenetole ]
N,N-Dimethyl-p-toluenesulfonamide
1-Azolidin-l-yl-l-butene
2-(l-Pyrrolidinylmethylene)-butane
Indole
3-Methylindole
C,-Indole
N.N-Dimethylbenzylamine
N-Phenyl-a-methylbenzylamine
Ct-Quinoline
2-Methylquinoxaline
Caffeine
Diazinon
Prometone
Simazine
l,3.5-Trimethyl-2.4.6-trihydroxytrilazine
Benzothiazole
2-( Methy lthio)-benzothiazole
Benzothiadiazole
Diphenylamine
Nitrodiphenylamine
Other (4)
Tributyl phosphate
2-Thiaindan
Benzo-2.3-thiophene
Methylbenzo-2,3-thiophene

Number
dumber of times Previously
f isomers" detected" reported'

1 -t-
I
1
1
1
1 +
1 +•
I +
I
1
I +
1
I -t-
1 -t-
1 -t-
l -t-
1 +
5 +
5 +
I -t-
1 +
1

3 +
I
1 -*-
2 +

Effluent
no.

3
9
1
1
1
3
3
10
7
9
10
7
2
3
1
I
9
3.5.6.7.8
2,3,5.6.7
6
9
9

5,6.7
7
10
7.10

* Number of isomecs acutally detected in all samples. "Number of samples containing at least one of the isomers. 'A +• sign means the
compound (or at least one isomer) has previously been reported to occur in water. ''Number in parentheses is the number of compounds
in this class tentatively identified in all samples. "Probably pristane. 'One isomer is probably phytane. "Compounds identified as alkylin-
dans may als,6'be alkylteirahydronaphthalenes with one less alkyl group

bicides. The pH 11 extract contained a number of
alcohols and ketones; the largest peaks in the mass

ci

C2H 5HN
L jL

^^ "^

spectrum were due to toluene, 2-methyl-3-
pentanone and 3- and 2-hexanol. Small peaks for
chlorobenzene, nitrobenzene, and phenol were
noted. Two unusual and related nitrogen heterocy-
cles, l-(azolidin-l-yl)l-butene (I) and 2(l-pyrro-
lidinylmethylene)-butane (II) were tentatively
identified on the basis of strong similarities between
their spectra and those recorded in Stenhagen el al.
(1974). Two triazine herbicides, simazine (III) and
prometone (IV) were also present in this extract:
the former compound was also identified in the
XAD-2 eluate. The pH 6 extract contained phenol

as its major constituent (based on total ion chro-
matogram peak size) and lesser amounts of
chlorobenzene, BHT, and several other com-
pounds. The XAD-2 eluate included the previously
mentioned simazine (III), nitrobenzene, and 3-
methyl-2-bornanone (V), a naturally occurring
ketone related to camphor. The XAD-8 eluate
showed only a few peaks; the methyl ester of
glycine and N,N-dimethyl-p-toluenesulfonamide
were the only compounds which could be identified.

Sample 2 (St. Charles): This treatment plant
serves some 80 industrial clients, including man-
ufacturers of ink, processed foods, metal stamp^
ings, furniture and cabinets. However, the effluent
gave a general impression of being relatively clean.
Only 11 compounds were tentatively identified. In
the pH 11 extract, acetaminophen (an analgesic
drug) and 2-(methylthio)benzothiazole were the
major constituents. Small amounts of a-terpineol (a
monoterpene alcohol) and caffeine (a constituent of
coffee, tea, and cola beverages) were also present.
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Table 4. EPA priority pollutants identified in effluent samples

Compound No. effluents

Toluene
Ct-benzenes*
Naphthalene
Phenanthrene
Phenol
Dimethylphenols*
Dichlorophenols*
2,4,6-Trichlorophenol
Pentachlorophenol
o-Nitrophenol
Diethyl phthalate
Dibutyl phthalate
Di(2-ethylhexyl) phthalate
Dibromochloromethane
Bromoform
Tetrachloroethylene
Chlorobenzene
Dichlorobenzenes*
Dimethylnitrosamine
Nitrobenzene

was the most abundant), but a small early peak gave
an excellent match in both the Mass Spectral Data
Centre Index (1974) and Stenhagen et al. (1974) for

* One or more isomers are priority pollutants

The pH 6 extract contained no identifiable com-
pounds. The compounds in the XAD-2 eluate were
very similar to those in the pH 11 extract; the
XAD-8 eluate contained mostly fatty acids.

Sample 3 (Addison): At least 300 industrial and
manufacturing firms, including manufacturers of
printing ink, plastics, chemicals, metals and ma-
chinery, paper products, snack foods, adhesives,
industrial lubricants, aerosols, rubber products, and
cosmetics, discharge their wastes to this plant. The
only organic pollutants reported by these firms to
the Illinois Environmental Protection Agency in
their inventory of industrial dischargers to munici-
pal treatment works were toluene and chlorinated
ethanes. The plant effluent was badly contami-
nated, containing a great variety of hydrocarbons,
oxygenated compounds, an Af-nitrosamine and a
herbicide. The pH 11 extract was dominated by al-
kylated benzenes (17 isomers); benzyl alcohol, 3-
methylindole (skatole, a constituent of feces), and
acetaminophen contributed other large peaks. Tet-
rachloroethylene, a dichlorobenzene, p-cresol,
nicotine, benzophenone, and fluorenone were im-
portant smaller peaks. The pH 6 extract was domi-
nated byp-cresol, but benzyl alcohol and BHT also
gave large signals. The XAD-2 extract contained
many alkybenzenes and alkylnaphthalenes.
Acetaminophen and tetrachloroethylene also gave
large signals. The pesticide diazinon (VI) was pres-
ent as a medium-size peak at 50.6 min. The methyl-
ated XAD-8 extract contained mostly methyl esters
of fatty and aromatic carboxylic acids (lauric acid

A
IV VI

diir.~thyl-iV-nitrosamine. This compound, a known
care logen, has been identified before in water, first
in the polluted Baltimore Harbor (Fine and Roun-
behler 1976) and later in sewages and industrial
effluents (Richardson et al. 1980).

Sample 4 (Bartlett): This effluent had been chlori-
nated. It was the only purely municipal effluent
sampled. Typical water-chlorination volatile con-
stituents (haloforms) appeared in the pH 11 extract;
dibromochloromethane, emerging at 5.8 min., was
much more abundant than bromoform (9.2 min).
Other haloforms, if present, were too volatile to be
detected with our procedure. Benzaldehyde, 3-
chlorocyclohexene, and BHT were among the most
abundant compounds tentatively identified in the
pH 11 extract. Dibromochloromethane was also
present in the XAD-2 eluate.

Sample 5 (Rosette): This plant served less than 20
industrial users and had the lowest dissolved or-
ganic carbon content of any tested; however, it
contained phenols, plasticizers, long-chain glycol
ethers, and chlorinated compounds. The industries
reported that they discharged benzene, phenol, and
"oil and grease". The pH 11. extract contained
many highly substituted phenols, including r-butyl
cresol, /7-f-amylphenol, BHA, BHT and p-tetra-
methylbutyl phenol. The XAD-2 eluate contained
the latter phenol also, as well as benzophenone,
2,6-di-r-butylbenzoquinone, acetophenone, a di-
chlorobenzene, and two phthalate esters.

Sample 6 (Danville): About 100 industries dis-
charged to this plant. They included manufacturers
of plastic containers, cardboard, machinery, foods
and feeds, fireworks, fertilizers, and refrigerants, an
iron foundry, a lithographic plater and metal-
finishing and electroplating firms. The industries
reported to the Illinois Environmental Protection
Agency that they discharged "oil and grease",
phenol, toluene and PCBs. The plant effluent con-
tained a wide variety of compound types. The most
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abundant compound (based on the total ion chroma-
togram) in the pH 11 extract was the analgesic
acetaminophen. Benzophenone, thbutyl phosphate
and methyl-r-butylphenol were also present. The
pH 6 extract contained cyclohexanone, a methyl-
pyrrole, naphthalene, thymol and dibutylphthalate,
among other compounds. The XAD-2 eluate again
contained a large peak for acetaminophen and also
contained substantial amounts of benzothiazole.
Smaller amounts of dichlorobenzene, nitrobenzene,
trichlorophenol, nitroaniline, and benzophenone
were detected.

Sample 7 (Decatur): The industrial users of the
Decatur plant reported that they discharged
naphthalene, chloroform, nitrosamines, toluene,
benzene, chlorinated ethanes, isophorone, phenol,
and "oil and grease." Industries included a metal
works, a meat packer, a newspaper, a laundry and
linen supply dealer, and manufacturers of auto
polishes, valves, tires, and ice cream. The effluent
contained a great number of compounds; alkylated
aromatic hydrocarbons and phenols were particu-
larly abundant. The largest peak in the total ion
chromatogram of the pH 11 extract was due to
p(tetramethyl-butyl)-phenol. o-Phenylphenol,
p(l,l-dimethyl-propyl)-phenol, BHA, and BHT also
had large signals. Small quantities of tetrachlo-
roethylene, a dichlorobenzene and alkylated ben-
zenes and naphthalenes were also detected in this
extract. ;The pH 6 extract had large peaks for p-
cresol and also for C 12, C14, and C,s free fatty acids.

Sample 8 (Bensenville): Although about 200 in-
dustrial firms discharged to the Bensenville plant
(including manufacturers of electronic components,
foods, cosmetics, petroleum and rubber products,
pigments, and a large brewery), not many com-
pounds were identified in its effluent. Almost all of
them were in the XAD-2 eluate; no single substance
predominated, and there were numerous small
peaks, including alkylated benzenes and naphtha-
lenes, phenanthrene, dichlorobenzene, and two
phenols.

Sample 9 (Sauget)'- The influent to the Sauget
plant was dominated by the wastes of a heavy
chemical plant, although manufacturers of alloys
and metal tubing also contributed. The effluent
contained many compounds (substituted anilines
and nitro compounds) not identified in any other
sample; many of them have not previously been re-
ported to occur in water. The pattern is suggestive
of azo dye manufacturing wastes. Material particu-
larly abundant in the pH 11 effluent included
chlorobenzene, C2-benzene, aniline, dichloroben-

zenes, chloronitrobenzenes, and free salicylic acid,
but there were many other amino-, nitro-, chloro-,
and alkylsubstituted aromatic compounds present
in apparently lower abundance. Particularly in-
teresting compounds in the XAD-2 eluate were
diphenylamine and a nitro-substituted isomer, a
dichloronitrobenzene (abundant), and fluorenone.
The pH 6 extract contained phenol, o-chlorophenol,
o-cresol, o-nitrophenol, dichlorophenols, and a
bromophenol. Even more highly substituted
phenols were inferred from the (methylated) XAD-8
eluate; the methyl ethers of trichloro-, tetrachloro-
and pentachlorophenol were detected. The methyl
ether of nitrophenol was the largest peak in the total
ion chromatogram.

Sample 10 (Lawrenceville): This effluent, from a
petroleum refinery, was highly complex, but most
of the substances present were hydrocarbons. Ap-
proximately 70 compounds were identified; there
were many unknown peaks. In the pH 11 effluent,
the most interesting tentative identification was that
of 0-toluidine, generally considered to be a carcino-
gen or at least procarcinogenic (Weisburger and
Poirier 1979). The largest peak in the spectrum,
however, was a C,8H3g alkane. Substituted ben-
zenes with two to five alkyl carbons formed a long
series in this fraction, and also in the XAD-2 eluate.
The methylated XAD-8 eluate contained, in addi-
tion to alkanes and fatty acid methyl esters, substi-
tuted benzoic acids with two and three alkyl carbon
substituents. Neither substance has been reported
from water before; they may be microbial metabo-
lites of alkylbenzenes. The C2-benzoic acid was the
most abundant compound in the total ion chromato-
gram.

Conclusions
Only a very small number of the compounds iden-
tified in this study of mutagenic effluents are known
or suspected mutagens, promutagens or carcino-
gens. However, most of the individual compounds
have not been tested for genetic activity. Further-
more, since the concentrates were tested for
mutagenicity as a whole, there are many pos-
sibilities for synergistic effects among their compo-
nents. It is also possible that active mutagens may
not lend themselves to GC-MS analysis because of
involatility, thermal instability, or reactivity with
the support material. Finally, many of the peaks
observed in these complex samples simply cannot
be identified at this time. However, more sophisti-
cated separation schemes, undertaken in conjunc-
tion with bioassays, may lead to positive identifica-
tion of new waterborne mutagens in future studies.
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VILLAGE OF SAUGET

SANITARY DEVELOPMENT AND RESEARCH ASSOCIATION
10 MOBILE STREET

SAUGET, ILLINOIS 62201

September 30, 1986

Mr. Jeff Larson
Federal Site Management Unit
Remedial Project Management
Division of Land Pollution Control
Illinois Environmental Protection Agency
2200 Churchill Road
Springfield, Illinois 62706

Dear Mr. Larson:

Enclosed is a copy of the Geologic Log of Monitoring Wells, Summary of
Construction Details for Monitoring Wells, and the Well Location Map
relative to the Sauget Sanitary Development and Research Association
groundwater study. This is in response to your verbal request for this
information.

Sincerely,

Warren L. Smull

/bjj
Enclosures

/••

RECEIVED

OCT 0 6
1EPA-DLPC



Geiaghty & Miller, Inc.

GEOLOGIC LOGS OF MONITORING WELLS

ON SAUGET SANITARY DEVELOPMENT AND

RESEARCH ASSOCIATION PROPERTY

SAUGET, ILLINOIS

Description

Wells GM-19ABC

Silt, sandy, brown (fill)
Silt, clayey, sandy, gray
Sand, fine, silty, grayish-brown
Sand, fine to medium, gray; some silt, trace of gravel

with cobbles (75-113 feet)

Depth
(feet)

0
12
25

- 12
- 25
- 60

60 -113

Wells GM-20AB

Sand, fine, gray, (fill)
Sand, fine, silty gray
Sand, fine, brown; some silt
Clay, gray; trace of fine sand
Sand, fine, silty, gray; some medium sand with thin silt seams
Sand, fine, gray; some silt
Sand, fine to medium; gray
Sand, fine to coarse; gray; with fine to medium gravel

0
3

15
26
38
38
60
70

3
15
26
28
38
60
70
90

Wells GM-21AB

Sand, fine, brown; some silt
Sand, fine to medium, brown; some silt
Sand, fine to medium, brown; trace of silt; trace of gravel
Sand, fine to coarse, brown; trace of gravel
Gravel, fine to medium; with coarse to fine brown sand

0
20
39
45
70

20
39
45
70
88

Wells GM-22-AB

Silt, sandy, brown (fill)
Sand, very fine, silty, grayish-brown
Sand, fine, gray; some silt
Sand, very fine to fine, gray; little silt
Sand, fine to medium, grayish-brown; little fine gravel

0 - 1 0
10 - 20
20 - 38.5
38.5- 70
70 - 88

RECEIVED
OCT 0 6 1986
IEPA-DLPC



Geraghty & Miller, Inc. -2-

Description (feet)

Well GM-23

Sand, fine, silty, brown
Sand, fine, brown; some medium sand and silt

0
31

31
38

Wells GM-24AB

Sand, very fine, very silty, brown
Sand, fine, brown; little silt
Sand, fine to medium, brown; little silt
Sand, fine to medium, gray; some coarse sand and fine gravel
Sand, fine to coarse, gray; some fine to medium gravel,

little silt

0
15
36
6B

15
36
68
79

79 - 88

Wells GM-26AB

Sand, fine, brown (fill)
Sand, fine to coarse, brown, with gravel (fill)
Silt, brown; some gravel
Sand, fine to coarse, gray; with gravel
Silt, sandy, gray
Sand, fine to coarse, gray; some gravel

Q
12
16
24
40
58

12
16
24
40
58
86

RECEIVED

OCT 0 6 1986
IEPA-DLPC



SUMMARY OF CONSTRUCTION DETAILS FOR MONITORING WELLS

INSTALLED UNDER THE DIRECTION OF GERAGHTY & MILLER, INC.

SAUGET SANITARY DEVELOPMENT AND RSEARCH ASSOCIATION, SAUGET, ILLINOIS

TJ -1:> o
O O5

O o?cr>
Well
No.

GM-19A
GM-19B
GM-19C

GM-20A
GM-20B

GM-21A
GM-21B

GM-22A
GM-22B

GM-23

GM-24A
GM-24B

GM-26A
GM-26B

1) The

2) The

3) The

1
Well

Date Diameter
Completed (inches)

7-11-84 2
7-16-84 4
7-13-84 4

7- 5-84 2
7-10-84 4

7-13-84 2
1-15-85 4

7-12-84 2
1-14-85 4

7-10-84 2

7- 9-84 2
7-31-84 4

8-13-84 2
8- 8-84 4

grout was mixed with 90
the surface.

Screen
Depth Setting

(feet be- (feet be-
low land low land
surface) surface)

39
88
113

38
90

38
88

38.5
88

38

38
88

38
86

percent

19
64
93

18
70

18
64

18.5
65

18

18
68

18
63

cement

- 39
- 84
-113

- 38
- 90

- 38
- 84

- 38.5
- 85

- 38

- 38
- 88

- 38
- 86

and 10

Interval
Gravel
Packed
(f«et be-
low land
surface)

16 - 39
59 - 84
None

16 - 38
65 - 90

15 - 38
52 - 84

15 - 38.5
62 - 85

16 - 38

15 - 38
62 - 88

16 - 38
None

Interval
Sealed With
Bentonite
(feet be-
low land
surface)

15
46
75

15
52

14
47

14
57

15

14
52

15
42

- 16
- 59
- 87

- 16
-65

- 15
- 52

- 15
- 62

- 16

- 15
- 62

- 16
- 56

percent bentonite and each

measuring point on the 2-inch and 4-inch wells is the top
outer casing
elevation of the measuring point was determined to the top
to the W.G. Krummrich datum is 413.50 feet (NGVD) equals

Interval Height of Elevation of
Sealed Measuring Measuring

with Grout Point Point
(feet be- (feet above (feet
low land., v land _,. above mean,,,
surface) surface) sea level)

2 - 1 5
2-46
2-75

2 - 1 5
2-52

2-14
2-47

2-14
2-57

2 - 1 5

2-14
2-52

2 - 1 5
2-42

well has a

2.1
2.7
2.6

2.6
2.7

3.4
-

1.9
-

2.9

2.5
2.5

2.3
2.1

t

2-foot thick

413
417
417

411
411

414
414

414
416

411

408
408

425
425

plug of

.91

.33

.44

.54

.72

.69

.74

.41

.33

.18

.87

.27

.62

.00

cement at

of their respective well casings and not the protective

of the steel well casing for each well. The conversion
101.00 feet (W.G. Krummrich datum).



SDMS US EPA REGION V
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IMAGERY INSERT FORM

The item(s) listed below are not available in SDMS. In order to view original
document or document pages, contact the Superfund Records Center.

SITE NAME
DOC ID #
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OF ITEM(S)
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UNSCANNABLE
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^GERAGHTY
'& MILLER, INC.

Ground- Water Consultants

December 12, 1985

Steven K. Dunn
Project Manager
Illinois Environmental Agency
2200 Churchill Road
Springfield, Illinois 62706

Dear Mr. Dunn:

We are providing the following information regarding
the study we have undertaken on behalf of Monsanto at the
Sauget, Illinois facility:

1. Base map showing the locations of monitoring wells.

2. Table with construction details of wells installed
by Geraghty & Miller, Inc.

3. Drilling and sampling protocols.

If you have any questions, please do not hesitate to
contact us.

Very truly yours,

GERAGHTY & MILLER/, INC.

Nicholas Valkenburg
Associate

NV:dv
Enc.

cc: Warren Smull

North Shore Atrium • 6800 Jericho Turnpike • Syosset, New York 11791 • (516) 921-6060
Cable: WATER • Telecopy: (516) 921-6273



SUMMARY OF CONSTRUCTION DETAILS FOR MONITORING WELLS

MONSANTO COMPANY, W.G. KRUMMRICH PLANT, SAUGET, ILLINOIS

DRAM

Well
No.

GM-1
GM-2
GM-3

GM-4A
GM-4B
GM-4C

GM-5
GM-6A
GM-6B
GM-7
GM-8

GM-9A
GM-9B
GM-9C

GM-10A
GM-1 OB
GM-10C

GM-11
GM-12A
GM-12B
GM-12C

GM-1 3
GM-1 4
GM-1 5

Date
Completed

11- 1-83
11- 8-83
11- 7-83

11- 2-83
7-17-84
1-11-84

11- 3-83
11- 2-B3
7-26-84

11- 3-83
11- 2-83

11-10-83
8-17-84
8-15-84

11- 9-83
1-22-85
1-18-85

10-31-83
11- 9-83
8-13-84
1-17-85

8-15-84
8-16-84
8-17-84

Well
Diameter
(inches)

6
6
6

2
4
4

2
2
4
2
2

2
4
4

2
4
4

2
2
4
4

2
2
2

Screen
Depth Setting

(feet be- (feet be-
low land low land
surface)

34
41
36

28
87

104

36
34
88
36
34

28
75

108

28
78

111

25
33.5
89

114.5

38
38
38

surface)

19
26
21

13
67
92.

21
19
68
21
19

13
55
88

13
54
94

10
18.
69

104

18
18
15

- 34
- 41
- 36

- 28
- 87

5-102.5

- 36
- 34
- 88
- 36
- 34

- 28
- 75
-108

- 28
- 74
-109

- 25
5- 33.5
- 89
-114

- 38
- 38
- 38

Interval
Gravel
Packed

(feet be-
low land
surface)

16 - 28
None

19 - 24

12 - 14
65 - 87
90 -102.5

18.5- 24
16 - 22
62.5- 88
17 - 23

None

11.5- 15.5
50 - 75
84 -108

11 - 12.5
48 - 74
85 -109

8.5- 21
16 - 23
65 - 89

100 -114

16 - 38
16 - 38
12.5- 38

Interval
Sealed

with Grout
( feet be-
low land. x
surface)

2
2
2

2
2
2

2
2
6
2
2

2
2
2

2
2
2

2
2
2
2

2
2
2

- 15
- 21
- 18

- 11
- 65
- 90

- 17.5
- 15
- 6 2 . 5
- 16
- 15

- 10.5
- 50
- 84

- 10
- 48
- 85

- 7.5
- 15
- 65
-100

- 16
- 16
- 12.5

Height of
Measuring

Point
( feet

above land~\
surface)

2.6 (2.3)4 j
2.2 (2.0TJ
3.9 (3.7)4 )

2.8
3.0
-

2.5
2.0
3.1
2.5
2.0

2.7
1.9
1.5

2.2
-
-

2.6
3.0
2.6
-

2.0
2.5
2.0

s
Elevation of p
Measuring Ef

Point P
( feet

above mean,s
sea level)

413.65
417.37
411.31

406.43
406 . 70
406.51

414.94
414.59
416.04
414.95
418.49

414.47
412.36
411.97

412.97
413.90
413.78

412.95
416.47
416.80
416.79

415.47
411.26
413.71
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SUMMARY OF CONSTRUCTION DETAILS FOR MONITORING WELLS (Cont'd.

Well
No.

GM-16A
GM-16B

GM-17A
GM-17B
GM-17C

GM-18A
GM-18B
GM-25A
GM-25B

GM-26A
GM-26B
GM-27B
GM-27C

GM-28B
GM-28C
GM-29
GM-30

GM-31A
GM-31B
GM-31C

GM-32
GM-33
GM-34
GM-35

Date
Completed

8-14-84
8- 9-84

7- 6-84
7-25-84
7-24-84

7- 5-84
7-12-84
8-14-84
7-27-84

8-13-84
8- 8-84
8- 6-84
8- 3-84

7- 3-84
7- 5-84
8-24-84
8-30-84

11-26-84
1- 9-85
1- 8-85

11-27-84
11-28-84
11-29-84
11-29-84

Well
Diameter
(inches)

2
4

2
4
4

2
2
2
4

2
4
4
4

4
4
2
2

2
4
4

2
2
2
2

Screen
Depth Setting

(feet be- (feet be-
low land low land
surface) surface)

38
90

38
78

107

38
92
38
88

38
86
82

115

93
107

20.5
21.2

40
94

126.5

25
25
25
25

18
60

18
58
87

18
72
13
68

18
63
62
95

70.
87
13
14.

19
65.
97

9
5
5
5

- 38
- 87

- 38
- 78
-107

- 38
- 92
- 38
- 88

- 38
- 86
- 82
-115

5- 90.5
-107
- 18.5

2- 19.2

- 39
5- 85.5

-117

- 24
- 25
- 25
- 25

Interval
Gravel
Packed

( feet be-
low land
surface)

16
56

16
52.
80

16
68
18
62

16

- 38
- 68

- 38
5- 78

-107

- 38
- 92
- 38
- 88

- 38
None

55
90

67
85
6
5

16
59
93

7
4
3.
4

- 72
-115

- 90.5
-107
- 18
- 16

- 39
- 85.5
-117

- 24
- 25

5- 25
- 25

Interval
Sealed

with Grout
(feet be-
low land, *
surface)

2
2

2
2
2

2
2
2
2

2
2
2
2

2
2
2
2

0
2
2

0
0
0
0

- 16
- 56

- 16
- 5 2 . 5
- 80

- 16
- 68
- 16
- 62

- 16
- 56
- 55
- 90

- 67
- 85
- 6
- 5

- 14
- 59
- 93

- 3
- 2
- 1.5
- 2

Height of Elevation of £
Measuring Measuring ^

Point Point ^
( feet ( feet sT

above land-) above mean, \ •
surface) sea level)

2.1
2.0

3.0
3.0
3.2

2.6
2.8
1.4
3.0

2.3
2.1
2.8
2.9

3.0
2.9
2.2
1.8

_
-
-

* 0.8
2.0
2.1
2.0

412.03
412.40

412.57
412.93
412.42

414.23
414.02
414.20
415.46

425.62
425.00 ,
426.04 (425. 61 K
426.76 (426. 39K'

423.88
423.78
411.06
416.09

418.63
418.92
419.29

409.49
410.88
410.82
410.88
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SUMMARY OP CONSTRUCTION DETAILS FOR MONITORING WELLS (Cont'd.) (TO

Well
No.

Date
Completed

Well
Diameter
(inches)

Depth
( feet be-
low land
surface)

Screen
Setting
( feet be-
low land
surface)

Interval
Gravel
Packed
( feet be-
low land
surface)

Interval
Sealed

with Grout
( feet be-
low land.. ̂
surface)

Height of
Measuring

Point
( feet

above land»\
surface)

Elevation of
Measuring

Point
(feet

above mean,\
sea levelK'

'-<
ftp
«£
£
?
3*
p

GM-36
GM-37
GM-38
GM-39
GM-40

11-30-84
11-30-84
12- 3-84
12- 4-84
12- 4-84

GM-41
GM-42
GM-43
GM-44
GM-45

GM-46
GM-47
GM-48
GM-49
B-106

12- 4-84
12- 5-84
12- 5-84
12- 5-84
12- 6-84

12- 7-84
12-10-84
12-10-84
12-10-84
6-27-85

2
2
2
2
2

2
2
2
2
2

2
2
2
2
8

25
25
25
8
8

8
8
8
8
18

25
10
12
13
165.7

5 - 2 5
4.3- 24.3
4.5- 24.5
3 - 8
3 - 8

3 -
3 -
2 -
2 -
1.5-

8
8
7
7

11.5

5 - 2 5
5 - 1 0
2 - 1 2

None*'

4
3
3
2
2

- 25
- 24.3
- 24.5
- 8
- 8

2 -
2 -
1.6-
1.5-

8
8
7
7

1 - 11.5

4 - 2 5
4 - 1 0
1.9- 12
2.5- 13
None

0 -
0 -
0 -
0 -
0 -

0 -
0 -
0 -
0 -
0 -

2
2
2
1
1

1
1
1
1
0

.5

.5

0 - 2.5
0 - 3
0 - 1.5
0 - 2
0 -133.5

1.4
2.3
2.0
1.9
2.0

1.2
1.5
1.7
1.6
1.3

2.6
-0.45
1.4
-0.4
0.5

409.53
409.67
412.51
415.59
415.75

414.75
414.48
414.38
414.44
410.10

411.60
412.34
411.00
408.43
424.82

1) The grout was mixed with 90 percent cement and 10 percent bentonite. All wells have a bentonite seal between
the grout and the gravel pack, in addition to a 2-foot thick plug of cement at the surface.

2) The measuring point on the 2-inch and 4-inch wells is the top of their respective casings. On the 6-inch
wells, the measuring point is the top of the water-level recorder shelter base.

3) The elevations were determined to the top of the steel well casings for the 2-inch wells and the 8-inch well
and to the top of the recorder shelter base for the 6-inch wells. The conversions to the W.G. Krummrich
datum is 413.50 feet (NGVD) eguals 101.00 feet (W.G. Krummrich datum).

4) Height of the 6-inch casing above land surface.
5) Elevation of the top of the coupling.
6) Rock was encountered at 126 feet below land surface and an open hole exists from 133.5 to 165.7 feet below

land surface.



Geraghty & Miller, Inc.

GERAGHTY & MILLER, INC.
DRILLING AND SAMPLING PROTOCOLS

Mo n i t o r i n g Well In s t a11 a t i o n

The monitoring wells were installed by John Mathes and

Associates, Inc., Columbia, Illinois under the direction of

Geraghty & Miller, Inc. Single monitoring wells were

installed at some locations but, at other locations,

clusters of two or three wells were drilled in order to ob-

tain water-level and water quality information at specific

intervals in the aquifer. Wells in the clusters were in-

stalled in separate boreholes, not together in a large diam-

eter borehole. The suffixes "A", "B" and "C" indicate shal-

low intermediate and deep wells, respectively. A number

without a suffix indicates a shallow well.

At all shallow well locations, an 8-inch or 12-inch di-

ameter hole was drilled with a hollow stem auger to 15 to 20

feet below the water table. Split-spoon samples were col-

lected at 5-foot intervals, described and stored in jars.

At several locations water was added to the borehole during

drilling to prevent very fine sand from heaving up inside

the augers. A 2-inch diameter, 6- or 10-slot, stainless

steel well screen coupled to new 2-inch black steel casing

was installed through the hollow-stem auger to approximately

15 feet below the water table. Gravel was added to the an-

nular space adjacent to the well screen prior to removing
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the augers to ensure that the entire annular space (to 3

feet above the top of the well screen) was properly gravel

packed. The remainder of the annular space was filled with

a bentonite/cement. slurry which was pumped down a tremie

pipe to within two feet of land surface. Pre-mix cement was

poured into the remaining annulus and a steel protective

pipe with a locking cap was set over the well into the ce-

ment. Finally, three 4-inch steel protective posts were in-

stalled in a triangular array to protect the wells from be-

ing damaged.

Each well was developed well with compressed air to

ensure that the well screen was open to the aquifer, that

the well water was reasonably clear and that all water added

to each borehole during drilling had been removed. All

drilling equipment and tools were steam cleaned prior to

their arrival onsite, between drilling sites and prior to

leaving the site to prevent cross-contamination of wells.

The well screen and casing was steam cleaned prior to

delivery to the site and again immediately before

installation. In addition, at each drilling site all drill

cuttings and development water was drummed and removed from

the site for disposal in accordance with federal, state and

local laws and regulations.

At all intermediate and deep well locations, an 8- inch

diameter hole was drilled with the conventional rotary
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method and sampled (split spoon) to depths of 80 to 90 feet

(intermediate wells) and to about 105 to 115 feet (deep

wells). After the screen zone was selected, a 4-inch diam-

eter, 20-slot, stainless steel well screen was attached to

black steel casing with couplings and installed in the hole.

Clean gravel was poured into the annulus next the screen as

the drilling fluid was being removed. The gravel pack ex-

tends approximately 5 feet above the screen. Bentonite

slurry was pumped down a tremie pipe into the annular space

to form a 15 foot thick seal above the screened zone. The

remainder of the annulus was filled with a bentonite/cement

slurry which was also pumped down a tremie pipe to fill the

remaining annulus and ensure that the well was properly

sealed. A locking cap was added to the top of the well and

three 4-inch steel protective posts were installed around

each well in the same manner as those around 2-inch monitor-

ing welIs.

All well development and decontamination procedures

followed for the shallow monitoring wells were replicated

for the deeper monitoring wells, however, it was necessary

to add sodium hexametaphosphate (a dispersing agent) to Well

GM-28c in order to remove all of the drilling fluids.
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Water Sample Collection

All wells were sampled for USEPA Priority Pollutants,

and selected wells were sampled for total organic carbon*
(TOC), total dissolved solids (IDS), chloride, dioxin

(TCDD), and a library search was conducted for selected non-

priority pollutant organic compounds. Replicate samples

were collected at approximately 10-15 percent of the sam-

pling locations. Field blanks and trip blanks were also an-

alyzed for volatile organic priority pollutants, IDS, TOC,

and chloride. Specific conductance, pH, and temperature

were measured in the field at each location at the time of

sample collection.

Each of the 2-inch wells were evacuated with a cen-

trifugal pump or a stainless steel or teflon bailer. All 4-

inch wells were evacuated with a submersible pump. Three to

five equivalent casing volumes of water were removed from

each monitoring well prior to sampling. All sampling was

carried out according to a protocol that minimizes the pos-

sibility of cross-contamination of samples. Tubing attached

to the pumps was dedicated to each well; no tubing was

reused. Pumps were cleaned with Micro detergent solution

and rinsed with disti1led/deinonized water. Each well was

sampled with either a stainless steel or teflon bailer which
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was cleaned with Micro detergent solution, hexane and dis-

tilled water rinses after the sampling of each well.

Blind replicate samples (except sample for volatile or-

ganic compound) were collected in a common container before

splitting the sample. Well water collected for priority

pollutant metal analysis was filtered in the field according

to the USEPA protocol. All other samples were stored and

preserved in accordance with USEPA protocols and instruc-

tions provided by the analyzing laboratory. Samples were

delivered to the laboratory within 24 hours of collection,

following Geraghty & Miller, Inc.'s daily sampling activi-

ties .
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DRILLING AND SAMPLING PROTOCOLS

i. toj*jLng Well Installation

The monitoring wells, were installed by John Mathes and

Associates, Inc., Columbia, Illinois under the direction of

Geraghty & Miller, Inc. Single monitoring wells were

installed at some locations but, at other locations,

clusters of two or three wells were drilled in order to ob-

tain water-level and water quality information at specific

intervals in the aquifer. Wells in the clusters were in-

stalled in separate boreholes, not together in a large diam-

eter borehole. The suffixes "A", "B" and "C" indicate shal-

low intermediate and deep wells, respectively. A number

without a suffix indicates a shallow well.

At all shallow well locations, an 8-inch or 12-inch di-

ameter hole was drilled with a hollow stem auger to 15 to 20

feet below the water table. Split-spoon samples were col-

lected at 5-foot intervals, described and stored in jars.

At several locations water was added to the borehole during

drilling to prevent very fine sand from heaving up inside

the augers. A 2-inch diameter, 6- or 10-slot, stainless

steel well screen coupled to new 2-inch black steel casing

was installed through the hollow-stem auger to approximately

15 feet below the water table. Gravel was added to the an-

nular space adjacent to the well screen prior to removing
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the augers to ensure that the entire annular space (to 3

feet above the top of the well screen) was properly gravel

packed. The remainder of the annular space was filled with

a bentonite/cement slurry which was pumped down a tremie

pipe to within two feet of land surface. Pre-mix cement was

poured into the remaining annulus and a steel protective

pipe with a locking cap was set over the well into the ce-

ment. Finally, three 4-inch steel protective posts were in-

stalled in a triangular array to protect the wells from be-

ing damaged.

Each well was developed well with compressed air to

ensure that the well screen was open to the aquifer, that

the well water was reasonably clear and that all water added

to each borehole during drilling had been removed. All

drilling equipment and tools were steam cleaned prior to

their arrival onsite, between drilling sites and prior to

leaving the site to prevent cross-contamination of wells.

The well screen and casing was steam cleaned prior to

delivery to the site and again immediately before

installation. In addition, at each drilling site all drill

cuttings and development water was drummed and removed from

the site for disposal in accordance with federal, state and

local laws and regulations.

At all intermediate and deep well locations, an 8-inch

diameter hole was drilled with the conventional rotary
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method and sampled (split spoon) to depths of 80 to 90 feet

(intermediate wells) and to about 105 to 115 feet (deep

wells). After the screen zone was selected, a 4-inch diam-

eter, 20-slot, stainless steel well screen was attached to

black steel casing with couplings and installed in the hole.

Clean gravel was poured into the annulus next the screen as

the drilling fluid was being removed. The gravel pack ex-

tends approximately 5 feet above the screen. Bentonite

slurry was pumped down a tremie pipe into the annular space

to form a 15 foot thick seal above the screened zone. The

remainder of the annulus was filled with a bentonite/cement

slurry which was also pumped down a tremie pipe to fill the

remaining annulus and ensure that the well was properly

sealed. A locking cap was added to the top of the well and

three 4-inch steel protective posts were installed around

each well in the same manner as those around 2-inch monitor-

ing wells.

All well development and decontamination procedures

followed for the shallow monitoring wells were replicated

for the deeper monitoring wells, however, it was necessary

to add sodium hexametaphosphate (a dispersing agent) to Well

GM-28c in order to remove all of the drilling fluids.
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All wells were sampled for USEPA Priority Pollutants,

and selected wells were sampled for total organic carbon
*

(TOC), total dissolved solids (IDS), chloride, dioxin

(TCDD), and a library search was conducted for selected non-

priority pollutant organic compounds. Replicate samples

were collected at approximately 10-15 percent of the sam-

pling locations. Field blanks and trip blanks were also an-

alyzed for volatile organic priority pollutants, TDS, TOC,

and chloride. Specific conductance, pH, and temperature

were measured in the field at each location at the time of
\

sample collection. *

Each of the 2-inch wells were evacuated with a cen-

trifugal pump or a stainless steel or teflon bailer. All 4-

inch wells were evacuated with a submersible pump. Three to

five equivalent casing volumes of water were removed from

each monitoring well prior to sampling. All sampling was

carried out according to a protocol that minimizes the pos-

sibility of cross-contamination of samples. Tubing attached

to the pumps was dedicated to each well; no tubing was

reused. Pumps were cleaned with Micro detergent solution

and rinsed with dis t i 1 led/deinon ized water. Each well was

sampled with either a stainless steel or teflon bailer which
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was cleaned with Micro detergent solution, hexane and dis-

tilled water rinses after the sampling of each well.

Blind replicate samples (except sample for volatile or-

ganic compound) were collected in a common container before

splitting the sample. Well water collected for priority

pollutant metal analysis was filtered in the field according

to the USEPA protocol. All other samples were stored and

preserved in accordance with USEPA protocols and instruc-

tions provided by the analyzing laboratory. Samples were

delivered to the laboratory within 24 hours of collection,

following (Jeraghty & Miller, Inc.'s daily sampling activi-

ties.


